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. 6849419 . 23 Jul 02; 01 Feb 05. Monoclonal antibody hybridoma immunoassay method and diagnosis 
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Streptococcus pneumoniae for diagnostics and therapeutics. Doucette-Stamm; Lynn A., et al. 536/23.1; 
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The Gbbai Storssource Center 



Your Discoveries , , TM , 

Begin With US. S.arch: | ::: Choose Op 

|i Home jj Ordering Info j| Quick Gfder jj Cart jjTechSuppo: 



Search 

The search engine found 2 entries for helicobacter & felis. 

Entries 1 to 2 are currently being displayed. Continue Search, 




Bacteria 



ATCC® Number 


Description 


Designation 


View 


49179 


Helicobacter felis Paster et al. 
deposited as Cat spiral 1 


CS1 




51211 


Helicobacter feiis Paster et al. 


CS6 


o 



You may continue your word search in Bacteria selections by typing in your search criteria below or 
returning to the Bacteria menu. To search another product line, choose one from the dropdown box at 
the top. For complex searches using boolean operators, the following characters must be used: & (for 
AND), | (for OR), A (for AND NOT). An asterisk (*) is used as the wildcard. For more information please 
review the Search Help . 

jhelicobacter & felis \ WzS^^^^A S^B^^^ 1 ' 



Home Page Archive 

Home Ordering Info Quick Order Support About ATCC Contact Us 
Privacy Policy Terms of Use ATCC MTA 



© 2005 American Type Culture Collection (ATCC). 
All rights reserved. 



http://www.atcc.org/common/catalog/wordSearch/results.cfin 



6/9/05 



EP 1 176 192 A2 



Table 1b: 



10 



amino acid and nucleic acid homology between the H. fells ureY and various ureB subunits. 


Reference molecule ; H. felis ureY CS1 


a. a. 


n.a. 


H. felis ureB 


73% 


71 % 


H. pylori ureB 


73% 


70% 


H. heilmannii ureB 


74% 


71 % 


H. felis strain Kukka ureY 


99% 


95% 


H. felis strain Ds4 ureY 


98% 


94% 


H. felis strain 2301 ureY 


99% 


95% 



Table 1c: 



nucleic acid homology between H. felis ureXY and various urg 


AB-gefiesT 


Reference molecule: H. felis ure^9 dsi^ — ^ 


n.a. 


H. felis ureAB ^ — ' " 


67% 


H. pylori ureAB 


67% 


H. heilmannii ureAB 


68% 


H. felis strain Kukka ureXY 


94% 


H. felis strain Ds4 ureXY 


94% 


H. felis strain 2301 ureXY 


94% 



30 [0006] One embodiment of the invention thus relates to nucleic acid sequences encoding the novel urease X and Y 
subunits. 

[0007] First of all, this embodiment of the invention relates to nucleic acid sequences encoding two subunits of a 
urease complex such as expressed by Helicobacter felis, that have at least 85 % homology with SEQ ID NO: 1 , or 
parts thereof with a length of at least 40, preferably 45, more preferably 50 nucleotides encoding at least an Immuno- 
35 genlc fragment of one of the subunits. Still even longer fragments, with a length of at least 55, 60 or 70 nucleic acids 
are in that order even more preferred. 

[0008] A preferred form of this embodiment relates to nucleic acid sequences that encode the urease X subunit 
polypeptide or the urease Y subunit polypeptide and that have at least 85 % homology with SEQ ID NO: 1 , or parts 
thereof with a length of at least 40, preferably 45, more preferably 50 nucleotides encoding at least an immunogenic 

40 fragment of the urease X subunit polypeptide or the urease Y subunit polypeptide. Merely as an example; the nucleic 
acid sequence encoding the urease X subunit of Helicobacter felis strain CS1 starts at position 206/207/208 (GTG) 
(See figure 1 a (1 )) and stops at position 884/885/886 (TAA). the nucleic acid sequence encoding the urease Y subunit 
of Helicobacter felis strain CS1 starts at position 897/898/899 (ATG) and stops at position 2601/2602/2603 (TAG). 
Still even longer fragments, with a length of at least 55, 60 or 70 nucleic acids are in that order even more preferred. 

45 [0009] A more preferred form of this embodiment relates to nucleic acid sequences having at least 90 %, preferably 
94 %, more preferably 97 % homology with SEQ ID NO: 1 . 

[0010] The determination of the homology percentages was done with the computer program Align Plus for Windows, 

available from Scientific and Educational Software, P.O.Box 72045 Durham, NC 27722-2045, USA. Settings used for 

the nucleic acid comparisons are indicated in figures 1a, 1b and 1c. 
so [0011] Since the present invention discloses nucleic acid sequences encoding novel structural Helicobacter fells 

urease subunits, it is now for the first time possible to obtain such polypeptides In sufficient quantities. This can e.g. 

be done by using expression systems to express the genes encoding the UreX and UreY subunits. 

Therefore, in a more preferred embodiment, the invention relates to DNA fragments comprising a nucleic acid sequence 

according to the invention. Such DNA fragments can e.g. be plasmids, into which a nucleic acid sequence according 
55 to the invention is cloned. Such DNA fragments are useful e.g. for enhancing the amount of DNA for use as a probe, 

as described below. 

[0012] An essential requirement for the expression of the nucleic acid sequence is an adequate promoter operably 
linked to the nucleic acid sequence. It is obvious to those skilled in the art that the choice of a promoter extends to any 
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ABSTRACT 



There is provided an immunogenic composition capable of 
inducing protective antibodies against Helicobacter infec- 
tion characterized in that it comprises: 

i) at least one sub-unit of a urease structural polypeptide 
from Helicobacter pylori (SEQ ID NOS:22,26), or a 
fragment thereof, said fragment being recognized by 
antibodies reacting with Helicobacter felis urease (SEQ 
ID NOS:20-21), and/or at least one sub-unit of a urease 
structural polypeptide from Helicobacter felis (SEQ ID 
NOS:20-21), or a fragment thereof, said fragment 
being recognized by antibodies reacting with Helico- 
bacter pylori urease (SEQ ID NOS:22-26); 

ii) and/or, a heat shock protein (Hsp), or chaperonin, from 
Helicobacter, or a fragment of said protein. 

The preparation, by recombinant means, of such immuno- 
genic compositions is also provided. 

10 Claims, 36 Drawing Sheets 
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Antigens Administered 



ExPASy BLAST2 Interface 



Page 1 of 55 



ExPASy Home pag e Site Map Search ExPASy Contact us Proteomics tools Swiss-Prot 



Search ]Swiss-Prot/TrEMBL ||§| for urease helicobacter fe |||| liMi 



Welcome to the SIB BLAST Network Service 

If results of this search are reported or published, please mention that 
the computation was performed at the SIB using the BLAST network service. 
The SIB BLAST network service uses a server developed at SIB and the NCBI 
BLAST 2 software. 

In case of problems, please read the online BLAST help . 

If your question is not covered, please contact < helpdeskQexpasy.org > . 

NCBI BLAST program reference [ PMID : 9254694 ] : • 

Altschul S.F., Madden T.L., Schaffer A. A. , Zhang J., Zhang Z., Miller W. , 
Lipman D.J. Gapped BLAST and PSI-BLAST: a new generation of protein 
database search programs. Nucleic Acids Res. 25:3389-3402(1997). 



Query: 243 AA (of which 10% low-complexity regions filtered out) 
Date run: 2005-06-10 03:32:14 UTC+0100 on sib-gml . unil . ch 
Program: NCBI BLAST P 1 . 5 . 4-Paracel [2003-06-05] 
Database : EXPASY /UniProt KB 

1,974,938 sequences; 640,866,274 total letters 
UniProt Release 5.2 consists of: Swiss-Prot Release 47.2 of 07-Jun-2005: 184304 en 

TrEMBL Release 30.2 of 07-Jun-2005: 1779481 entrie 

List of potentially matching sequences 

Send^sd^te^ sequences to |C|usta( W (multiple alignment) ||| ^|||^^ ^^|. J 

fj Include query sequence 

Db AC Description Score E-value 

□ sp Q08716 URE2_HELFE Urease beta subunit (EC 3.5.1.5) (Urea amid... 437 e-122 

□ tr Q9RGP5 _HELFE Urease (Fragment) [ureB] [Helicobacter felis] 437 e-122 

□ tr Q8KT24 _HELFE Urease UreB (Fragment) [ureB] [Helicobacter felis]. 437 e-122 

□ tr Q8KT17 _HELHE Urease UreB (Fragment) [ureB] [Helicobacter heil . . . 437 e-122 

□ tr Q6UK80 _HELFE UreB (Fragment) [ureB] [Helicobacter felis] 437 e-122 

□ tr Q6UK78 _HELFE UreB (Fragment) [ureB] [Helicobacter felis] 437 e-122 
G tr Q6UK66 __HELFE UreB (Fragment) [ureB] [Helicobacter felis] 437 e-122 

□ tr Q6UK82 _HELFE UreB (Fragment) [ureB] [Helicobacter felis] 436 e-121 

□ tr Q8KT2 8 _HELHE Urease UreB (Fragment) [ureB] [Helicobacter heil... 435 e-121 
fj tr Q8KT23 9HELI Urease UreB (Fragment) [ureB] [Helicobacter salo. . . 434 e-120 



http://tw.expasy.org/cgi-bin7blast.pl 
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□ tr 
O tr 

□ tr 

□ tr 

□ tr 

□ tr 
H tr 

n sp 

□ tr 
HI tr 

□ tr 
D tr 

□ tr 
I"! tr 
l~ tr 

□ tr 

□ tr 
n tr 

□ tr 

G sp 

O sp 

□ tr 
0 tr 
D tr 
O tr 
O tr 

□ tr 

□ tr 
P tr 

□ tr 
PI tr 
l~J tr 

□ tr 

□ tr 

□ tr 
O tr 

□ tr 
O sp 

□ tr 
D tr 
O tr 
O tr 

□ tr 

□ tr 

□ tr 



Q6UK63 
Q8KT25 
Q8GH97 
Q9X753 
Q8KT2 6 
Q6UK7 6 
Q9S6R9 
P42823 
Q8KT16 
Q8KT27 
Q8KT31 
Q8KT32 
Q8KT22 
Q8KT21 
Q8KT18 
Q8KT29 
Q8KT19 
Q8KT13 
Q8KT20 
P69996 
P69997 
Q9S0Q5 
Q8KT12 
Q84F75 
Q7X3W5 
Q6UK72 
Q64EY3 
Q9X742 
Q8KT33 
Q8RNU6 
Q8KT30 
Q8KT11 
Q9AFB1 
Q9S6R7 
Q6UK74 
Q6UK70 
Q8KT15 
P50045 
Q9R8R3 
Q9R8R1 
Q93PJ4 
Q9ZHF1 
Q9RGP8 
Q8KT14 
Q9RGP7 



Helicobacter salomonis] 
ureB] [Helicobacter bizz. 
izzozeronii] 

[Helicobacter salomonis] 
ureB] [Helicobacter bizz. 
Helicobacter pylori (Cam. 

[Helicobacter salomonis] 
(EC 3.5.1.5) (Urea amid.. 
ureB] [Helicobacter heil. 
ureB] [Helicobacter heil. 
ureB] [Helicobacter heil. 
ureB] [Helicobacter heil. 
ureB] [Helicobacter heil. 
ureB] [Helicobacter heil. 
ureB] [Helicobacter heil. 
ureB] [Helicobacter heil. 
ureB] [Helicobacter heil. 
ureB] [Helicobacter heil. 
ureB] [Helicobacter heil. 



_9HELI UreB (Fragment) [ureB] 
_HELBI Urease UreB (Fragment) 
_HELBI Urease B [Helicobacter ] 
_9HELI Urease (Fragment) [ureB 
_HELBI Urease UreB (Fragment) 
_HELPY UreB (Fragment) [ureB] 
_9HELI Urease (Fragment) [ureB 
URE2_HELHE Urease beta subunit 
_HELHE Urease UreB (Fragment) 
_HELHE Urease UreB (Fragment) 
_HELHE Urease UreB (Fragment) 
_HELHE Urease UreB (Fragment) 
_HELHE Urease UreB (Fragment) 
_HELHE Urease UreB (Fragment) 
_HELHE Urease UreB (Fragment) 
_HELHE Urease UreB (Fragment) 
__HELHE Urease UreB (Fragment) 
_HELHE Urease UreB (Fragment) 
_HELHE Urease UreB (Fragment) 
URE2_HELPY Urease beta subunit (EC 3.5.1.5) (Urea amid.. 
URE2_HELPJ Urease beta subunit (EC 3.5.1.5) (Urea amid.. 
_HELPY Urease B [ureB] [Helicobacter pylori (Campylobac. 
_HELPY Urease UreB (Fragment) [ureB] [Helicobacter pylo. 
_HELPY Urease beta (EC 3.5.1.5) [ureB] [Helicobacter py. 
_HELPY Urease B [ureB] [Helicobacter pylori (Campylobac. 
_HELPY UreB (Fragment) [ureB] [Helicobacter pylori (Cam. 
_HELPY UreB [ureB] [Helicobacter pylori (Campylobacter . 
_HELBI Urease (Fragment) [ureB] [Helicobacter bizzozero. 
_HELPY Urease UreB (Fragment) [ureB] [Helicobacter pylo. 
_HELPY Urease B subunit [ureB] [Helicobacter pylori (Ca. 
_HELHE Urease UreB (Fragment) [ureB]' [Helicobacter heil. 
_9HELI Urease UreB (Fragment) [ureB] [Helicobacter sp. . 
_HELPY Urease B [Helicobacter pylori (Campylobacter pyl . 
_HELBI Urease (Fragment) [ureB] [Helicobacter bizzozero. 
_HELPY UreB (Fragment) [ureB] [Helicobacter pylori (Cam. 
_HELPY - UreB (Fragment) [ureB] [Helicobacter pylori (Cam. 
_HELHE Urease UreB (Fragment) [ureB] [Helicobacter heil. 
URE2_HELMU Urease beta subunit (EC 3.5.1.5) (Urea amid.. 
_HELHP Urease beta subunit (Fragment) [ureB] [Helicobac. 
_HELHP Urease beta subunit (Fragment) [ureB] [Helicobac. 
_HELHP Urease beta subunit UreB (EC 3.5.1.5) [ureB] [He. 
__HELHP Urease beta subunit (Fragment) [ureB] [Helicobac. 
_9HELI Urease (Fragment) [ureB] [Flexispira rappini] 
_HELHE Urease UreB (Fragment) [ureB] [Helicobacter heil. 
_HELHP Urease (Fragment) [ureB] [Helicobacter hepaticus] 



423 
413 

1M 
IP..? 

409 
408 
403 
400 
400 
400 
398 



398 



398 
398 
39 4 

392 
389 
378 
378 

378 
378 
128 
378 
378 
377 
377 
376 
376 
376 
375 
373 
372 
372 
346 

Ml 
319 
317 
'i "i 
317 
312 



e-117 
e-114 
e-114 
e-113 
e-113 
e-113 
e-111 
e-110 
e-110 
e-110 
e-110 
e-110 
e-110 
e-110 
e-110 
e-109 
e-108 
e-108 
e-107 
e-104 
e-104 
e-104 
e-104 
e-104 
e-104 
e-104 
e-104 
e-103 
e-103 
e-103 
e-103 
e-103 
e-103 
e-102 
e-102 
e-102 
2e-94 
le-87 
4e-86 
le-85 
2e-85 
2e-85 
3e-84 
6e-84 
le-83 
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tr Q9RGP6 _HELHP Urease (Fragment) [ureB] [Helicobacter hepaticus] 
O tr Q9RGQ0 _9HELI Urease (Fragment) [ureB] [Flexispira rappini] 
171 tr Q9RGP9 _9HELI Urease (Fragment) [ureB] [Flexispira rappini] 
^ S P Q07397 URE1_BACSB Urease alpha subunit (EC 3.5.1.5) (Urea ami.. 

□ tr Q9KG59 BACHD Urease alpha subunit (EC 3.5.1.5) [ureC] [Bacill. 
^ tr Q8GLB5 _HELHE UreB (Fragment) [Helicobacter heilmannii] 

□ tr Q5KYM1 __GEOKA Urease alpha subunit (Urea amidohycirolase ) (EC 3. 
^ tr Q8GLB4 _HELHE UreB (Fragment) [Helicobacter heilmannii] 

□ tr Q62HS0 _BURMA Urease, alpha subunit (EC 3.5.1.5) [ufeC] [Burkh. 
O tr Q63RL3 _BURPS Urease alpha subunit (EC 3.5.1.5) [ureC] [Burkho. 

□ tr Q5FB23 _GAMLA Urease B subunit [ureB] [Campylobacter lari] 

□ tr Q8GLB3 _HELHE UreB (Fragment) [Helicobacter heilmannii] 

□ tr Q8XXT1 _RALSO PROBABLE UREASE (ALPHA SUBUNIT) PROTEIN (EC 3.5.. 

□ tr Q8GLB6 _HELHE UreB (Fragment) [Helicobacter heilmannii] 
HI tr Q8GLB2 _HELHE UreB (Fragment) [Helicobacter heilmannii] 

□ tr Q8YQZ0 _ANASP Urease alpha subunit [alr3670] [Anabaena sp. (st. 

□ tr Q6I6H5 _CAMLA Urease beta subunit (Fragment) [ureB] [Campyloba. 
^ tr Q6I6I9 _CAMLA Urease beta subunit (Fragment) [ureB] [Campyloba. 
Q tr Q6I6H3 _CAMLA Urease beta subunit (Fragment) [ureB] [Campyloba. 
^ tr Q6I6I3 _CAMLA Urease beta subunit (Fragment) [ureB]' [Campyloba. 

□ tr Q7V3V2 _PROMM Urease alpha subunit (EC 3.5.1.5) [ureC] [Prochl. 
tr Q6I6J1 _CAMLA Urease beta subunit (Fragment) [ureB] [Campyloba. 

O tr Q6I6I5 _CAMLA Urease beta subunit (Fragment) [ureB] [Campyloba. 
fj tr Q6I6H1 _CAMLA Urease beta subunit (Fragment) [ureB] [Campyloba. 
^ tr Q5E728 VIBFl Urease alpha subunit (EC 3.5.1.5) [VF0673] [Vibr. 
^ tr Q8DMV6 _SYNEL Urease alpha subunit [ureC] [ Synechococcus elong. 

□ tr Q4ZN06 _PSESY Urease (EC 3.5.1.5) [Psyr_4436] [Pseudomonas syr. 
^ tr Q9RYJ4 _DEIRA Urease, alpha subunit [DRA0318] [Deinococcus rad. 
G tr Q87VP0 _PSESM Urease, alpha subunit [ureC] [Pseudomonas syring. 

□ sp P16122 URE1_PR0VU Urease alpha subunit (EC 3.5.1.5) . (Urea ami.. 

□ tr Q733J6 _BACC1 Urease alpha subunit (EC 3.5.1.5) [ureC] [Bacill., 

□ sp P17086 URE1_PR0MI Urease alpha subunit (EC 3.5.1.5) (Urea ami.., 

□ sp P73Q61 URE1_SYNY3 Urease alpha subunit (EC 3.5.1.5) (Urea ami.. 

□ tr Q7U3I3 _SYNPX Urease alpha subunit (EC 3.5.1.5) [ureC] [Synech., 

□ tr 052305 _SYNP2 Urease alpha subunit [ureC] [Synechococcus sp . (., 
^ tr Q6I6H7 _CAMLA Urease beta subunit (Fragment) [ureB] [Campyloba., 

□ tr Q6I6I1 _CAMLA Urease beta subunit (Fragment) [ureB] [Campyloba., 
^ tr Q6I6H9 _CAMLA Urease beta subunit (Fragment) [ureB] [Campyloba., 

□ tr Q6FD83 ACIAD Urease alpha subunit (EC 3.5.1.5) [ureC] [Acinet . , 
O tr Q9HUU5 _PSEAE Urease alpha subunit [ureC] [Pseudomonas aerugin., 
^ tr Q88J04 _PSEPK Urease, alpha subunit [ureC] [Pseudomonas putida . , 
G tr Q7V1B6 _PROMP Urease alpha subunit (EC 3.5.1.5) [ureC] [Prochl.. 

□ tr Q9L644 _PROMA UreC [ureC] [ Prochlorococcus marinus] 

□ sp P77837 URE1_BACSU Urease alpha subunit (EC 3.5.1.5) (Urea ami.., 
fj tr Q6I6I8 __CAMLA Urease beta subunit (Fragment) [ureB] [Campyloba., 



310 
308 
308 

239 
287 



286 

285 
285 

Ml 
282 

Ml 

2_ S i. 

231 
2.80 
278 
278 
.278 
277 

277 
277 
276 

11§. 

276 
275 
274 
274 

Hi 
27 3 

273 

212 
272 

27 '? 



211 
271 
270 
270 

119. 

268 



268 
268 



2e-83 
5e-83 
5e-83 
4e-79 
3e-77 
le-76 
2e-76 
2e-76 
8e-76 
8e-76 
8e-76 
2e-75 
4e-75 
5e-75 
6e-75 
le-74 
2e-74 
5e-74 
5e-74 
7e-74 
le-73 
le-73 
2e-73 
2e-73 
2e-73 
4e-73 
8e-73 
le-72 
le-72 
le-72 
2e-72 
3e-72 
4e-72 
4e-72 
4e-72 
5e-72 
le-71 
le-71 
le-71 
3e-71 
3e-71 
6e-71 
6e-71 
7e-71 
7e-71 
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Graphical overview of the alignments 



ipllj to resubmit your query after masking regions matching PROSITE profiles 



or Pf am HMMs 

(# Help ) (use ScanProsite for more details about PROSITE matches) 



Profile hitS 

Pfan hits 



IMPDH 
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Alignments 



sp Q08716 Urease beta subunit (EC 3.5.1.5) (Urea amidohydrolase) 569 

URE2__HELFE [ureB] AA 

[Helicobacter felis] align 

Score = 437 bits (1124), Expect = e-122 

Identities = 219/243 (90%), Positives = 219/243 (90%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

KEYVSMYGPTTGDRVRLGDTDLXLEVIiHDCTTYGSHIKFGGGKTIKDGMSQTNSPSSYEL 
Sb jet : 7 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DLVLTNATj I VD Y 'T MQDGVDNNLCVGPATEAXAAEGL 
Sbjct: 67 DLVLTNALIVDYTGIYKADIGIKDGKIAGIGKAGNKDMQDGVDNNLCVGPATEALAAEGL 126 

Query: 121 I VTAGGI DTH I H FI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I TPGRANLKSMLRAA 180 

rV^TAGGI DTK! H FX SPQQ I PTAF AS GVTT^ 
Sbjct: 127 IVTAGGIDTHIHFIS PQQI PTAFAS GVTTMI GGGTGPADGTNATTITPGRANLKSMLRAA 186 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

EE Y AMNLGS7.iAK'GN V3 YE PS LR .OQX SAGA 1 GS'KX HP. OV< GS TPA AT. KHCLNVAD& YX; VQY A 
Sbjct: 187 EEYAMNLGFLAKG^SYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 



tr Q9RGP5 Urease (Fragment) [ureB] [Helicobacter 243 AA 

Q9RGP5_HELFE felis] align 

Score = 437 bits (1124), Expect = e-122 

Identities = 219/243 (90%), Positives = 219/243 (90%) 

Query : 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

KSYVSMYGPTTGDRVFLGDTDLILEV^HDCTTYG^^IKV'GGGKTIRDC^SQTNSPSSY^L 
Sbjct: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DLVLTKALIVDYT MC>OGV*DNNI:CV'GPA/rEAj.:AAEGL 
Sb j ct : 61 DLVLTNALIVDYTGIYKADIGIKDGKIAGIGKAGNKDMQDGVDNNLCVGPATEALAAEGL 120 

Query: 121 I VTAGGI DTH I H FI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAA 180 

I V TAG G 1 DTH X H H* I S PQQ X PTAFAS GY T TMI GGGT G PADGTN ATT I T P GPANLKSMLPAA 
Sbjct: 121 IVTAGGIDTHIHFIS PQQI PTAFAS GVTTMI GGGTGPADGTNATTITPGRANLKSMLRAA 180 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

E £ YA>^?LGFLAKGNV3 YE PS LP. DQI EAGAI GFKI HE Dw G3 TPAA.T. HHC LNVADE YDVQVA 
Sbjct: 181 EEYAMNLGFL7U<GNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

Query: 241 IHT 243 

IHT 

Sbjct: 241 IHT 243 
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tr Q8KT2 4 Urease UreB (Fragment) [ureB] [Helicobacter 384 AA 

Q8KT24_HELFE felis] align 

Score = 437 bits (1124), Expect = e-122 

Identities = 219/243 (90%), Positives = 219/243 (90%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

K& V. V8.MY G PTTGDRV RIjODTDLA" i:F. Vr;.Hl;CTT Y OS & X KFGGGKT I V< DGMS QTN S SvS 3 Y.5 L 
Sbjct: 7 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 12 0 

DLVLTKALIVDYT MOD GV jDN"N L C V GPATE ALAAE GL 

Sbjct: 67 DLVLTNALIVDYTGIYKADIGIKDGKIAGIGKAGNKDMQDGVDNNLCVGPATEALAAEGL 126 

Query: 121 I VTAGGI DTHI HFI S PQQI PTAFASGVTTMI GGGTGPADGTNATTITPGRANLKSMLRAA 180 

I VTA GGI DTK I H FX 3 PQQ I PT AFAS GVT TMI GGGT G ? ADGTNAT T I T FGRANLK SMLRAA 
Sbjct: 127 I VTAGGI DTHI HFI S PQQI PTAFASGVTTMI GGGTGPADGTNATTITPGRANLKSMLRAA 186 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

Sbjct: 187 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 246 

Query: 241 IHT 243 

Sbjct: 247 IHT 249 



tr Q8KT17 Urease UreB (Fragment) [ureB] [Helicobacter heilmannii] 360 AA 

Q8KT17_HELHE 

align 

Score = 437 bits (1124), Expect = e-122 

Identities = 219/243 (90%), Positives = 219/243 (90%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

Sbjct: 7 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 12 0 

DLViiTNAT/i'VDYT MQDGVDNNLCVGPATFA^ASGL 
Sbjct: 67 DLVLTNALIVDYTGIYKADIGIKDGKIAGIGKAGNKDMQDGVDNNLCVGPATEALAAEGL 126 

Query: 121 IVTAGGI DTHI HFIS PQQ I PTAFASGVTTMI GGGTGPADGTNATTITPGRANLKSMLRAA 180 

Sbjct: 127 IVTAGGI DTH I HFI S PQQ I PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAA 186 

Query: 181 EEYAMNLGFIAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

E E Y AMN LG F LAKG K V3 Y E P 3 LR DQ I Si AGAI GFK I HE DV7G S T PAAX HH C LK V ADE Y D V QV A 
Sbjct: 187 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 
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tr Q6UK8 0 UreB (Fragment) [ureB] [Helicobacter felis] 360 AA 

Q6UK8 0_HELFE align 

Score = 437 bits (1124), Expect = e-122 

Identities = 219/243 (90%), Positives = 219/243 (90%) 

Query : 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

K& Y V 3 MY G PT T GDRY K IiG DTDT.i .1" X.-F.' V.S HD C T T V G & £ I K FGG G KT I RT>GM S QTN S P S S Y S L 
Sb jet : 7 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DLVLTNALIVDYT MQD GV DN T\ T L C V GPATE ALAA& GL 

Sbjct: 67 DLVLTNALI VDYTGI YKADI GI KDGKIAGI GKAGNKDMQDGVDNNLCVGPATEALAAEGL 126 

Query: 121 IVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAA 180 

X VTAGGI DTK I H FX S ?QQ I PT AFAS GVTTMI GGGT GPADG7NATT I T ?GRA!* LKSMLRAA 
Sbjct: 127 IVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAA 186 

Query: 181 EE YAMNLGFLAKGNVS YE PS LRDQIEAGAI GFKI HEDWGSTPAAI HHCLNVADE YDVQVA 240 

E*r/AMNI:G^ 

Sbjct: 187 EE YAMNLGFLAKGNVS YE PS LRDQIEAGAI GFKI HEDWGSTPAAI HHCLNVADE YDVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 



tr Q6UK7 8 UreB (Fragment) [ureB] [Helicobacter felis] 360 AA 

Q6UK7 8_HELFE align 

Score = 437 bits (1124), Expect = e-122 

Identities = 219/243 (90%), Positives = 219/243 (90%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

KE Y VSMY GPTTGDRVR LGDTDLI LE VE HDCTT YGEE I KFGSGKT I P. DGMS QTNS FS S YE L 
Sbjct : 7 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 66 

Query: 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DLVLTN.AI:.T.VDYT MQDGVDNNLCVGPATV;AX:AAEGL 
Sb j ct : 67 DLVLTNALIVDYTGI YKADIGIKDGKIAGI GKAGNKDMQDGVDNNLCVGPATEALAAEGL 12 6 

Query: 121 IVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAA 180 

X V TAG G I i;x H A" H X ' 1 8 PQQ .V PT A.FA8 GV T TM1 GGGT G PAX) GTNAT T 1 7/ P G :<ANLKSMT.iRA A 
Sbjct: 127 IVTAGGIDTHIHFISPQQIPTAFAS GVTTMI GGGT GPADGTNATTITPGRANLKSMLRAA 186 

Query: 181 EE YAMNLGFLAKGNVS YE PS LRDQIEAGAI GFKI HEDWGSTPAAI HHCLNVADE YDVQVA 240 

EE YAMN LGFLAKGNY 3 Y S PS LRDQ I EAGAI GFKI K3SDW G3 T PAAI HHCLKVADE YDVQVA 
Sbjct: 187 EE YAMNLGFLAKGNVS YE PS LRDQIEAGAI GFKI HEDWGSTPAAI HHCLNVADE YDVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 
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tr Q6UK66 UreB (Fragment) [ureB] [Helicobacter felis] 362 AA 

Q 6UK 6 6_HE L FE align 

Score = 437 bits (1124), Expect = e-122 

Identities = 219/243 (90%), Positives = 219/243 (90%) 



Query : 


1 


KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 


60 






K.S 7 VS.MY GPTTG1VV<V RXjGDTDI:.V LF/VSHIX'TT Y G£& I KEGGGK'i; .1 V<DGMSQTN5> JPSS Y£L 




Sbjct: 


7 


KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 


66 


Query: 


61 


DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 


120 






DLVLTNALIVDYT MQDGV L>NNLC VGPATE ALAASi GL 




Sb j ct : 


b I 


DLVLTNALIVDYTGIYKADIGIKDGKIAGIGKAGNKDMQDGVDNNLCVGPATEALAAEGL 


126 


Query: 


121 


IVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAA 


180 






IVTAGG1T\T£IIHFISFQQIPTAFAS GVTTMlGGGTGPAI;GTNATTITPGRA?viLKSNLRAA 




Sbjct: 


127 


IVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAA 


186 


Query: 


181 


EEYAMNLGFLAKG^IVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCL^AAADEYDVQVA 240 






F; E YAMNLGFIJ^KGNVS YE F3 LRDQ I E AGAI GFK I HE Dvv GS T FAAI KHCI^f»/ADK Y DV QVA 




Sbjct: 


187 


EEYAMNLGFL7U<GNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 


246 


Query: 


241 


IHT 243 

IHT 




Sbjct: 


247 


IHT 249 





tr Q6UK82 UreB (Fragment) [ureB] [Helicobacter felis] 363 AA 

Q6UK82_HELFE align 

Score = 436 bits (1120), Expect = e-121 

Identities = 218/243 (89%), Positives = 219/243 (89%) 

KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

KS YVSNYGPTTGDP.VRLGDT'DLI LEV1SHDCTT YGEF: I KFGGGKT I RDGMSQTNS F3S YKJ L 
KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 66 

DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 



F. + YA^LG H'LAKGM V S Y £ P 3 LRDQ I £ AGAI GFKI K& DW GS T PAAXHHCLNVAl'jKYWQv'A 



IHT 



Query: 


1 


Sbjct: 


7 


Query: 


61 


Sbjct: 


67 


Query: 


121 


Sbjct: 


127 


Query : 


181 


Sbjct: 


187 


Query: 


241 


Sbjct: 


247 
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tr Q8KT28 Urease UreB (Fragment) [ureB] [Helicobacter heilmannii] 334 AA 

Q8KT28_HELHE 

align 

Score = 435 bits (1118), Expect = e-121 

Identities = 218/243 (89%), Positives = 218/243 (89%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

K& Y V3.MY G PTTGIV'V< V KijGDTVjl: X i:EVSHVjCTT Y GEE X K FGG GKT X V<T>GMSQX : .N S fr 3 S YE L 
Sbjct: 7 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEAL7\AEGL 12 0 

DLVLTNAXXVDYT MQDGVDN^LCVGRATEALAASGL 
Sbjct: 67 DLVLTNALIVDYTGIYKADIGIKDGKIAGIGKAGNKDMQDGVD^LCVGPATEALAMGL 126 

Query: 121 IVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAA 180 

X VTAGGIDTH1 HP! 3 PQQ1 PTAFASGVTTMI GGGTGPADGTNATTXTPGRANLK3MLRAA 
Sbjct: 127 IVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAA 18 6 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

E E YA>ft\ I: GFI JVKGNVS Y 5 F 3 LRDQ I SAGA! G K I HE D WGS T PAAI KH C LNVADE Y DV QVA 
Sbjct: 187 EEYAMNLGFL7UCGNVSYEPSLRDQIEAGAIGLKIHEDWGSTPAAIHHCLNVADEYDVQVA 246 

Query: 241 IHT 243 

Sbjct: 247 IHT 249 



tr Q8KT23 Urease UreB (Fragment) [ureB] [Helicobacter salomonis] 359 AA 

Q8KT23_9HELI 

align 

Score = 434 bits (1115), Expect = e-120 

Identities = 217/243 (89%), Positives = 218/243 (89%) 



Query: 


1 


KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 


60 






KE Y VSMY G PTTGDRV RLGDT *^L1" LEVE HDCTT Y GEE I KFGGGK T I ;< DGMS OTN S PS S YE L 




Sbjct: 


7 


KEYVSMYGPTTGDRVRLGDTNLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 


66 


Query: 


61 


DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 


120 






DLV LTNAL .1 VD Y T MQDGVDNNLCVGFATEALAAEGL 




Sbjct: 


67 


DLVLTNALIVDYTGIYKADIGIKDGKIAGIGKAGNKDMQDGVDNNLCVGPATEALAAEGL 


126 


Query: 


121 


I VTAGGI DTHI HFI S PQQI PTAFASGVTTMI GGGTGPADGTNATTITPGRANLKSMLRAA 


180 






XVTAGGIDTVUHFISPQQIPTAVTVSGVTTMXGGGTGPADGTNATTITPGR NLK3MLRAA 




Sbjct: 


127 


I VTAGGI DTHIHFISPQQI PTAFAS GVTTMI GGGT GPADGTNATT I T PGRGNLKSMLRAA 


186 


Query: 


181 


EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 










Sbjct: 


187 


EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 246 


Query: 


241 


IHT 243 

XHT 




Sbjct: 


247 


IHT 249 
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tr Q6UK68 UreB (Fragment) [ureB] [Helicobacter 359 AA 

Q6UK68_9HELI salomonis] align 

Score = 423 bits (1088), Expect = e-117 

Identities = 213/243 (87%), Positives = 214/243 (87%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

K& Y V3.MY GPTTGVJ»V< VRXjOi/T-^XiA* LfcYV&HDCTT V G&jK X KFGGGKT X RV>GMSQTNS PS S 7SL 
Sbjct : 7 KEYVSMYGPTTGDRVRLGDTNLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 12 0 

DLV LTKAL I V D Y T MQDGV NNL VGPATEALA £GL 

Sbjct : 67 DLVLTNALI VDYTGI YKADI GI KDGKI AGI GKAGNKDMQDGVKNNLSVGPATEALAGEGL 12 6 

Query: 121 IVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAA 180 

XVTAGGI DTHIHFIS PQQ I PTAFAS GVTTMI GGGTGPAIiGTKATT I T PGR NLKSML AA 
Sbjct: 127 I VTAGGI DTH I HFI S PQQ I PTAFAS GVTTMI GGGTGPADGTNATT I T PGRGNLKSMLXAA 186 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLWADEYDVQVA 240 

£#YAMNLGFLAXGNYSY.£P 
Sbjct: 187 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 246 

Query: 241 IHT 243 

XHT 

Sbjct: 247 IHT 249 



tr Q8KT25 Urease UreB (Fragment) [ureB] [Helicobacter 386 

Q8KT25_HELBI bizzozeronii] AA 

align 

Score = 413 bits (1062), Expect = e-114 

Identities = 205/243 (84%), Positives = 215/243 (88%) 

KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

KEYVSMYGPTTGD^VRLGDTDLILEVEHDCTTYG^EIKFGGGKTIRDGM^OTNSPSSH-EL 



DLVI-xNALIVDY? MQDGV NNLOYGPATEALAA2G7 



X VT AGG IDTHI HFI S PQQ I PTA.VA^GvTTMI GGGTGPADGTNATT IT PGR NLK+MLRA-* 



K£YAMNj.:G+L KGNVSVSP8L DQ^AGAXG^KIHBDWGSTPAAX+RCLNVAJD+YDVQVT;. 



L'HT 



Query: 


1 


Sbjct: 


7 


Query: 


61 


Sbjct: 


67 


Query: 


121 


Sbjct: 


127 


Query: 


181 


Sbjct: 


187 


Query: 


241 


Sbjct: 


247 
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tr Q8GH97 Urease B [Helicobacter bizzozeronii] 569 AA 

Q8GH97_HELBI align 

Score = 413 bits (1062), Expect = e-114 

Identities = 205/243 (84%), Positives = 215/243 (88%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

Sbjct: 7 KEYVSMYGPTTGDKVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMAQTNSPSSHEL 66 

Query: 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 12 0 

DLVLTKALIVDYT MQDGV NN L C VGPAT E ALAAE GL 

Sbjct: 67 DLVLTNALIVDYTGIYKADIGIKNGKIHGIGKAGNKDMQDGVCNNLCVGPATEALAAEGL 12 6 

Query: 121 IVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAA 180 

• I VT AGGI D? H I H F I S ?QQ I P? AFAS G T TM I GGGT G PAD GTKATT IT? GR NLK-f-MLRA + 
Sbjct: 127 IVTAGGIDTHIHFISPQQIPTAFASGITTMIGGGTGPADGTNATTITPGRWNLKTMLRAS 186 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

E55YAMNLG+-L KGNYS DQ + EAGAT GFKIHEDw GSTPAAI H-HCLNV7VDH-YDV'v>V7\ 
Sbjct: 187 EEYAMNLGYLGKGNVSYEPSLVDQLEAGAIGFKIHEDWGSTPAAIYHCLNVADKYDVQVA 246 

Query: 241 IHT 243 

jlHT 

Sbjct: 247 IHT 249 



tr Q9X753 Urease (Fragment) [ureB] [Helicobacter 231 AA 

Q9X753_9HELI salomonis] align 

Score = 409 bits (1051), Expect = e-113 

Identities = 205/231 (88%), Positives = 206/231 (88%) 

Query: 9 PTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDLVLTNAL 68 

PTTGDKVSLGOT^ 

Sb j ct : 1 PTTGDRVRLGDTNLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDLVLTNAL 60 

Query : 69 IVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLIVTAGGID 12 8 

IVDYT MQDGVDNNI:CVGPA^EAX:AA^GLXVThGGID 
Sbjct : 61 IVDYTGIYKADIGIKDGKIAGIGKAGNKDMQDGVDNNLCVGPATEALAAEGLIVTAGGID 120 

Query: 12 9 THIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAAEEYAMNLG 18 8 

TH X H F 1 S PQQ X P? AFAS GV TTMI GGGTG PADGTNATT 1 T PGR NLKSMTjRAAES YAMN LG 
Sbjct: 121 THIHFISPQQI PTAFASGVTTMI GGGTGPADGTNATTIT PGRGNLKSMLRAAEE YAMNLG 180 

Query: 189 FLAKGNVSYEPSLRDQIEAGAI GFKIHEDWGSTPAAIHHCLNVADEYDVQV 239 

FLAKGttV 3 Y E PS LP.DQ I EAGAI GFKI HE DW GST PAAI HHOLNVADEYDVQY 
Sbjct: 181 FLAKGNVSYEPSLRDQIEAGAI GFKIHEDWGSTPAAIHHCLNVADEYDVQV 231 



tr Q8KT2 6 Urease UreB (Fragment) [ureB] [Helicobacter 377 

Q8KT2 6_HELBI bizzozeronii] AA 

align 

Score = 409 bits (1051), Expect = e-113 
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Identities = 201/243 (82%), Positives = 213/243 (86%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

KSYVSMZGPTTGD+VRLGDTDL1L V£HDCTTYG£EIKFGGGXTIRDGM+QTNSPS5+3L 
Sb jet : 7 KEYVSMYGPTTGDKVRLGDTDLILXVEHDCTTYGEEIKFGGGKTIRDGMAQTNSPSSHEL 66 

Query: 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DLVLTNAL I VD Y T MQSGV UNIXVGRATEALAAEGL 

Sbjct: 67 DLVLTNALIVDYTGIYKADIGIKNGKIHGIGKAGNKDMQDGVCNNLCVGPATEALAAEGL 126 

Query: 121 I VTAGGI DTH I H F I S PQQ I PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAA 180 

Sbjct: 127 IVTAGGIDTHIHFISPQQIPTAFASGITTMIGGGTGPADGTNATTITPGRWNLKTMLRAS 186 

Query: 181 EE YAMNLGFLAKGNVS YE PSLRDQIEAGAI GFKI HEDWGST PAAIHHCLNVADE YDVQVA 240 

SYAMKLG-H.: KGNVSYVvFSL DQ ^&AG A 1 GFK I H Z D>?GS T PA A I HH C T.tNV. AB + Y B V QV. A 
Sbjct: 187 XEYAMNLGYLGKGNVSYEPSLVDQLEAGAIGFKIHZDWGSTPAAIHHCLNVABKYBVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 



tr Q6UK7 6 UreB (Fragment) [ureB] [Helicobacter pylori 3 60 

Q6UK76_HELPY (Campylobacter pylori)] AA 

align 

Score = 408 bits (1048), Expect = e-113 

Identities = 202/243 (83%), Positives = 211/243 (86%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

KEYVSMYGPT'TGD-fVRLGDTOXJ £V£'HD T VGEK-i-K^GGGKT-i-R^GMSQ-J-N-i-PS EL 
Sbjct: 7 KEYVSMYGPTTGDKVRLGDTDLIAEVEHDYTIYGEELKFGGGKTLREGMSQSNNPSKEEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DLt r TNALI VDY T MQDGV L 0 V G PAT £ A.T J\ 

Sbjct: 67 DLIITNALIVDYTGIYKADIGIKDGKIAGIGKGGNKDMQDGVKNNLCVGPATEALAGEGL 126 

Query: 121 I VTAGGI DTHIHFIS PQQ I PTAFAS GVTTMI GGGTGPADGTNATT IT PGRANLKSMLRAA 180 

■ .T. VTAGG.V DTHI H TXS PQQ I PTAJyA3 G V'i : T.M.Y GGGTGPADGTN A/;. : T X T PGR NLKSM.LRAA 
Sbjct: 127 IVTAGGIDTHIHFISPQQI PTAFAS GVTTMI GGGTGPADGTNATT I TPGRGNLKSMLRAA 186 

Query: 181 EEYAMNLGFLAKGNVS YE PS LRDQ I EAGAI GFKI HEDWGST PAAIHHCLNVADE YDVQVA 240 

ElDYilMKLGFLJVKGKVSYEPSLRDQIIiiAGAI GS'KIBHDWGSTPAAI KKCLNV AD* YDVQVA 
Sbjct: 187 E E YAMNLGFLAKGNVS YE PS LRDQ I EAGAI GFKI HEDWGST PAAI HHCLNVADKYDVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 



tr Q9S6R9 Urease (Fragment) [ureB] [Helicobacter 231 AA 

Q9S6R9_9HELI salomonis] align 

Score = 403 bits (1035), Expect = e-111 
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Identities = 202/229 (88%), Positives = 204/229 (88%) 

Query: 11 TGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDLVLTNALIV 70 

+-GDRVR LGDT L I LE VE HDCTT Y GE S 1" K FG GGKT 1" ROOMS QTN S P S S Y E LDLV LTNAL 1" V 
Sbjct : 3 SGDRVRLGDTNLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDLVLTNALIV 62 

Query : 71 DYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL I VTAGGI DTH 130 

DYT MQDGVDNNI:CVGP7^TH; AXjAAE GL I VTAGGI DTK 

Sbjct: 63 DYTGIYKADIGIKDGKIAGIGKAGNKDMQDGVDNNLCVGPATEALAAEGLIVTAGGIDTH 122 

Query: 131 I HFI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAAEE YAMNLGFL 190 

IHFIS PQQ 1 PTAFAS GVTTMI GGGTGPADGTNATT IT PGR NLKSM LR AA£ S YAMNLGFL 
Sbjct: 123 I HFI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I TPGRGNLKSMLRAAEE YAMNLGFL 182 

Query: 191 AKGNVS YE PS LRDQI EAGAI GFKI HEDWGST PAAI HHCLNVADE YDVQV 239 

AKGNVS Y £ P S j. : ROQ 7. E AG A I. G FK I Kft DWG S T P AAA" HH C LN V AP?F. V 0 VQ V 
Sbjct: 183 AKGNVS YE PS LRDQI EAGAI GFKI HEDWGST PAAI HHCLNVADE YDVQV 231 



sp P42823 Urease beta subunit (EC 3.5.1.5) (Urea amidohydrolase) 568 

URE2_HELHE [ureB] AA 

[Helicobacter heilmannii] align 

Score = 400 bits (1028), Expect = e-110 

Identities = 197/243 (81%), Positives = 211/243 (86%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

KEYVSMYGPTTGD-^VRLGDTDLILEVEHDCTTYGEEIKFGGGKTIR^GM QTNSF3S+SL 
Sbjct: 7 KEYVSMYGPTTGDKVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMGQTNSPSSHEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DLV-i-TNAI.IVX'YT N LCYGPATEALAA£GL 

Sbjct: 67 DLVI TNAL I VDYTGI YKADI GI KNGKI HGI GKAGNKDLQDGVCNRLCVGPATEALAAE GL 126 

Query: 121 I VTAGGI DTHI HFI S PQQI PTAFAS GVTTMI GGGTGPADGTNATTITPGRANLKSMLRAA 180 

IVTAGGIDTHIHFISPQQIPTA.VASGrTTMIGGGTGPADGTNATTITPGK NLK HLRA-+ 
Sbjct: 127 I VTAGGI DTHI HFI S PQQI PTAFAS GI TTMI GGGTGPADGTNATT I T PGRWNLKEMLRAS 186 

Query: 181 EEYAMNLGFLAKGNVS YE PS LRDQI EAGAI GFKI HEDWGST PAAI HHCLNVADE YD VQVA 240 

££YA>lN;.:G-!-L KGMVS+&P4-L DQ+SAGAI GFK I HEDWGST PrAI+K LN4AD+YDV0VA 
Sbjct: 187 EEYAMNLGYLGKGNVSFEPALIDQLEAGAIGFKIHEDWGSTPSAINHALNIADKYDVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 



tr Q8KT16 Urease UreB (Fragment) [ureB] [Helicobacter heilmannii] 358 AA 

Q 8 KT 1 6_HE LHE 

align 

Score = 400 bits (1028), Expect = e-110 

Identities = 197/243 (81%), Positives = 211/243 (86%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 
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K£ Y V'SMY G PT T GD + V T< XjG DT D L A" LF, V& H VX.".TT Y G£ £ X K FGG GKT I RDGM QTNSFSS+SL 
Sb j ct : 7 KEYVSMYGPTTGDKVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMGQTNSPSSHEL 66 

Query: 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DLV-rTNAX-IYDY? +QDGV M LC VGT^ATEALAASGL 

Sbjct: 67 DLVITNALI VDYTGI YKADI GIKNGKI HGI GKAGNKDLQDGVCNRLCVGPATEALAAEGL 126 

Query: 121 IVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAA 180 

Sbjct: 127 I VTAGGIDTHI HFI S PQQI PTAFASGITTMI GGGTGPADGTNATT IT PGRWNLKEMLRAS 186 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

F:EYAMN T LG+-L KGNVS +-EF-:-L D Q +-E AGAI G FK I HE DWG3 T F -r-AI H- H LN-rAD+YDVQVA 
Sbjct: 187 EEYAMNLGYLGKGNVSFEPALIDQLEAGAIGFKIHEDWGSTPSAINHALNIADKYDVQVA 246 

Query: 241 IHT 243 

Sbjct: 247 IHT 249 



tr Q8KT27 Urease UreB (Fragment) [ureB] [Helicobacter heilmannii] 357 AA 

Q8KT27_HELHE 

align 

Score = 400 bits (1027), Expect = e-110 

Identities = 196/243 (80%), Positives = 209/243 (85%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

K£ Y VSMY GPTTGD4-VRLGDTDLI LEVSifDCTT Y GEHI IKFGGGKTI RDGM QTNSF3S+SL 
Sbjct: 7 KEYVSMYGPTTGDKVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMGQTNSPSSHEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DLV-i-TNALIVDYT +QDGV N LCVGFATEALA EGL 

Sbjct: 67 DLVITNALI VDYTGI YKADI GI KDGKIHGI GKAGNKDIQDGVCNRLCVGPATEALAGEGL 126 

Query: 121 I VTAGGI DTHI H FI S PQQ I PTAFAS GVTTMI GGGTGPADGTNATTI T PGRANLKSMLRAA 180 

IVTAGGIDTHIHFISPQQIPTAVASG^TTM^GGGTGPADGTNAT'riTPGR NLK MLRA-+ 
Sbjct: 127 I VTAGGI DTHI HFIS PQQI PTAFAS GITTMLGGGTGPADGTNATT IT PGRWNLKEMLRAS 186 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

EEVAMNI:G-M- KGNVSY£P3L Q + # AGAT GFK.T HE DW GST P-r AX HH L -r-ADE Y DVQVA 
Sbjct: 187 EEYAMNLGYMGKGNVSYEPSLVEQLEAGAIGFKIHEDWGSTPSAIHHALKIADEYDVQVA 246 

Query: 241 IHT 243 

XHT 

Sbjct: 247 IHT 249 



tr Q8KT31 Urease UreB (Fragment) [ureB] [Helicobacter heilmannii] 355 AA 

Q 8 KT 3 1_HE LHE 

align 

Score = 398 bits (1023), Expect = e-110 

Identities = 196/243 (80%), Positives = 210/243 (85%) 
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Query : 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

Sbjct : 7 KEYVSMYGPTTGDKVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMGQTNSPSSHEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DLV -rTK f AL X VT.VV T +Q.l;GV N L C V GPAT F. ALAAS C*L 

Sbjct: 67 DLVITNALIVDYTGIYKADIGIKNGKIHGIGKAGNKDLQDGVCNRLCVGPATEALAAEGL 126 

Query: 121 I VTAGGI DTHI HFIS PQQI PTAFAS GVTTMIGGGTGPADGTNATT I TPGRANLKSMLRAA 18 0 

I VT AGG A* DT K 1 H F X S PQQ 1 :?T AF A 3 G .V GG G T G PAD GT K r A. TXTPGR NLK HLRA4- 
Sbjct: 127 I VTAGGI DTHI H FI S PQQI PTAFAS GI TTMI GGGTGPADGTNAXT I T PGRWNLKEMLRAS 186 

Query: 181 EEYAMNLGFLAKGWSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

E£YAMKLG->-L KGNVS +*HiP-:-L DQ^EAGAIGFKXHKDWGSTP'f-AI+H LN+AD+YDVQYA 
Sbjct: 187 EE YAMNLGYLGKGNVS FE PALIDQLEAGAI GFKIHEDWGST PSAINHALNIADKYDVQVA 246 

Query: 241 IHT 243 

IKT 

Sbjct: 247 IHT 249 



tr Q8KT32 Urease UreB (Fragment) [ureB] [Helicobacter heilmannii] 358 AA 

Q8KT32__HELHE 

align 

Score = 398 bits (1022), Expect = e-110 

Identities = 195/243 (80%), Positives = 208/243 (85%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

K^YVSMYGPTTGD+VRLGDTDLXLFV^HDCTTVG^KXKFGGGKTXRUGM QTNSPSS+SL 
Sbjct: 7 ' KEYVSMYGPTTGDKVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMGQTNSPSSHEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 12 0 

DLV-rTKALIVDYT H-QDGV N LCVGPATEALA EGL 

Sbjct: 67 DLVITNALIVDYTGIYKADIGIKDGKIHGIGKAGNKDIQDGVCNRLCVGPATEALAGEGL 12 6 

Query: 121 I VTAGGI DTHI HFI S PQQ I PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAA 180 

I VTA GGI DTK I H IT I S PQQ I PTAFAS G* T'TM-J - GGGT GP AL'GTNATT IT? G NLK MLRA + 
Sbjct: 127 I VTAGGI DTHI HFI S PQQI PTAFAS GI TTMLGGGTGPADGTNATT I T PGHWNLKEMLRAS 186 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

F: & YAMN LG +■ -(•■ ■* Q AGAI GFKI HE DW OS T ? AT HH L -. : AD IV. Y DV QVA 

Sbjct: 187 EEYAMNLGYMGKGNVSYEPSLVEQLEAGAIGFKIHEDWGSTPSAIHHALKIADEYDVQVA 246 

Query: 241 IHT 243 

XHT 

Sbjct: 247 IHT 249 



tr Q8KT22 Urease UreB (Fragment) [ureB] [Helicobacter heilmannii] 356 AA 

Q8KT22_HELHE 

align 

Score = 398 bits (1022), Expect = e-110 

Identities = 195/243 (80%), Positives = 208/243 (85%) 
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Query: 1 KE YVSMYGPTTGDRVRLGDTDLI LEVEHDCTTYGEE I KFGGGKTI RDGMSQTNS PSS YEL 60 

KE YVSMYGPTTGD •i-VRLGDTDX:! LE-VSI-IDCTT YGSK I KFGGGKTI RDGM QTNSPSS>-£L 
Sbjct: 7 KEYVSMYGPTTGDKVRLGDTDLI LEVEHDCTTYGEE I KFGGGKT I RDGMGQTNS PS SHE L 66 

Query: 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DLVrTNALIVDYT +QDGV N L C V G PAT £ ALA -V.GL 

Sbjct: 67 DLVITNALIVDYTGIYKADIGIKDGKIHGIGKAGNKDIQDGVCNRLCVGPATEALAGEGL 126 

Query: 121 I VTAGGI DTH I HF I S PQQI PTAFAS GVTTMI GGGTGPADGTNATTI T PGRANLKSMLRAA 180 

Sbjct: 127 IVTAGGIDTHIHFISPQQIPTAFASGITTMLGGGTGPADGTNATTITPGHWNLKEMLRAS 186 

Query: 181 EEYAMNLGFLAKGWSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

KYAMKLG++ XGKVSYSPSL +Q+SAG A I GFKX HF. DWGST P-rA I KK L -r.AD& YDVQV.A 
Sbjct: 187 EEYAMNLGYMGKGNVSYEPSLIEQLEAGAIGFKIHEDWGSTPSAIHHALKIADEYDVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 



tr Q8KT21 Urease UreB (Fragment) [ureB] [Helicobacter heilmannii] 358 AA 

Q8KT2 1_HELHE 

align 

Score = 398 bits (1022), Expect = e-110 

Identities = 195/243 ( 8 0% ),■ Positives = 208/243 (85%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLI LEVEHDCTTYGEE I KFGGGKTIRDGMSQTNS PSS YEL 60 

KBYVSMYGPTTGDH-VRLGDTDLrLEVEHDCTTVGE^IKFGGGKTXRDGM QTNSPSS-K3L 
Sb j ct : 7 KEYVSMYGPTTGDKVRLGDTDLI LEVEHDCTTYGEE I KFGGGKTIRDGMGQTNSPSSHEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DLV -r'T'NAL V D V T +QDGV N LC V GPAT E AT--A SGL 

Sbjct : 67 DLVITNALIVDYTGIYKADIGIKDGKIHGIGKAGNKDIQDGVCNRLCVGPATEALAGEGL 12 6 

Query: 121 IVTAGGIDTHIHFIS PQQI PTAFAS GVTTMI GGGTGPADGTNATT IT PGRANLKSMLRAA 180 

I VTAGGI DTKI HFI 3 PQQI PTAFAS G-+ TTM-r GGGTGFADGTKATT I T PG NLK MLRA* 
Sbjct: 127 I VTAGGI DTHI H FI S PQQI PTAFAS GI TTMLGGGTGPADGTNATT I T PGHWNLKEMLRAS 18 6 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

EEYAMNLG-M- KGNVS YE F3 L <• Q +-E AGAI GFK I HE DW GS T P - r- AX HH L -r-ADEYDVQVA 
Sbjct: 187 EE YAMNLGYMGKGNVS YE PS LI EQLEAGAIGFKI HEDWGSTPSAIHHALKIADE YDVQVA 246 

Query: 241 IHT 243 

XHT 

Sbjct: 247 IHT 249 



tr Q8KT18 Urease UreB (Fragment) [ureB] [Helicobacter heilmannii] 357 AA 

Q8KT18_HELHE 

align 

Score = 398 bits (1022), Expect = e-110 
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Identities = 195/243 (80%), Positives = 208/243 (85%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

KE YVSMYGPTTGD+VRLGDTDLI LE VSHDCTTYGSS I KFGGGKT I KDGM QTNSPSS+SL 
Sbjct : 7 KEYVSMYGPTTGDKVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMGQTNSPSSHEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DLV + TNALI VD Y T ^'QOGV N LCVGPATEAIA EGL 

Sbjct: 67 DLVI TNALI VDYTGI Y KADI GI KDGKI HGI GKAGNKDIQDGVCNRLCVGPATEALAGEGL 12 6 

Query: 121 I VTAGGI DTH I H FI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAA 180 

1 VTAGGI DTH I H FX S PQQ I PTAFAS G*TTM+ GGGTGPADGTNATT I TFG NLK MLR A-f- 
Sbjct: 127 I VTAGGI DTH I H FI S PQQI PTAFAS GI TTMLGGGTGPADGTNATT I T PGHWNLKEMLRAS 18 6 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

KGJW3Y?;PSX, ^EAG A G S'K X RF. DV7G-3 T P -r A 1 KK L -rADF YX;VQV A 
Sbjct: 187 EEYAMNLGYMGKGNVSYEPSLVEQLEAGAIGFKIHEDWGSTPSAIHHALKIADEYDVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 



tr Q8KT29 Urease UreB (Fragment) [ureB] [Helicobacter heilmannii] 379 AA 

Q8KT2 9_HELHE 

align 

Score = 394 bits (1013), Expect = e-109 

Identities = 195/243 (80%), Positives = 208/243 (85%) 

Query : 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEII^GGGKTIRDGMSQTNSPSSYEL 60 

KF Y VS.MY G PTTGD-fVRLGDTDI:! I:EVX;HDCTT VGXiE X KFGGGKT X KDGM QTNSPSS-KSL 
Sb j ct : 7 KEYVSMYGPTTGDKVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMGQTNSPSSHEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DLV r TNAL X V OY T QDGV N LCVGPATFALAASGI: 

Sbjct : 67 DLVITNALIVDYTGIYKADIGIKNGKIHGIGKAGNKDXQDGVCNRLCVGPATEALAAEGL 126 

Query: 121 I VTAGGI DTH I HF IS PQQ I PTAFAS GVTTMI GGGTGPADGTNATT IT PGRANLKSMLRAA 180 

I VTAGGI DTKI HFX S PQQI PTAFAS GVTTMI' GGGTGPADGTNATT X T PGR NLK MLRA+ 
Sbjct: 127 I VTAGGI DTH I HFI S PQQ I PTAFAS GI TTMI GGGTGPADGTNATT I T PGRWNLKEMLRAS 186 

Query: 181 EE YAMNLGFLAKGNVS YE PS LRDQI EAGAI GFKI HEDWGSTPAAI HHCLNVADE YDVQVA 240 

E £ Y AMK L G *■ L KGKVS-KSP-*- DQ*-EAGAIG KiH£DWG5TP-rAI+H LN-r-AD+YDVQVA 
Sbjct: 187 EE YAMNLGYLGKGNVS FE PAXI DQLEAGAI GXKI HEDWGSTPSAINHALNIADKYDVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 O 



tr Q8KT19 Urease UreB (Fragment) [ureB] [Helicobacter heilmannii] 357 AA 

Q 8 KT 1 9_HE LHE 

align 



http ://tw. expasy . org/cgi-bin/blastpl 



6/9/05 



ExPASy BLAST2 Interface 



Page 19 of 55 



Score = 392 bits (1006), Expect = e-108 

Identities = 193/243 (79%), Positives = 207/243 (84%) 

Query : 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

K& Y VS M Y GPTT GD+ VP L GDT D L I LEV r.i DOT T Y Gr." K .T. KTGGGKT I K DGM QTNSPS3+£i; 
Sb j ct : 7 KEYVSMYGPTTGDKVRLGDTDLILEVECDCTTYGEEIKFGGGKTIRDGMGQTNSPSSHEL 66 

Query: 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATE7VLAAEGL 120 

DLV *xNALI VDYx +• LCVGPATEALA EGL 

Sb jet : 67 DLVITNALIVDYTGIYKADIGIKDGKIHGIGKAGNKDIQDGVCDRLCVGPATEALAGEGL 126 

Query: 121 IVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAA 180 

I VT AGGI DT H I H F I S PQQ I PT/\F A S G-r-T TM* GGGT G PADG'TNAT T I T P G - NI.K MLRA-S* 
Sbjct: 127 I VTAGGI DTHI H FI S PQQI PTAFAS GI TTMLGGGTGPADGTNATT I T PGHWNLKEMLRAS 186 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

ESYAMKLG-H- KGNV3YSPSL -r-Q-rKAGAIGFKIHEDWGSTPvAIHH L <-AD&Yl;VqVA 
Sbjct: 187 EEYAMNLGYMGKG^rVSYEPSLVEQLEAGAIGFKIHEDWGSTPSAIHHALKIADEYDVQVA 246 

Query: 241 IHT 243 

Sbjct: 247 IHT 249 



tr Q8KT13 Urease UreB (Fragment) [ureB] [Helicobacter heilmannii] 357 AA 

Q 8 KT 1 3_HE LHE 

align 

Score = 392 bits (1006), Expect = e-108 

Identities = 193/243 (79%), Positives = 207/243 (84%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

KE YVSMY GPTT GDH- VRLGDTDL I LEVIS DCTT VGEE I KFGGGKT I RDGM QTNSPSS-KSL 
Sb j ct : 7 KEYVSMYGPTTGDKVRLGDTDLILEVECDCTTYGEEIKFGGGKTIRDGMGQTNSPSSHEL 66 

Query: 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DLV*TNAT,TVTVVT -t-QDGV r L C V G'P AT £ ALA £GL 

Sbjct : 67 DLVITNALIVDYTGIYKADIGIKDGKIHGIGKAGNKDIQDGVCDRLCVGPATEALAGEGL 126 

Query: 121 I VTAGGI DTH I H FI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAA 180 

I VTAGGI DTH I HFX S PQQI PTAFAS G-^TTMi- GGGTGPADGTNATT I T PG NLK MLRA-i- 
Sbjct: 127 I VTAGGI DTH I H FI S PQQI PTAFAS GI TTMLGGGT GPADGTNATT I T PGHWNLKEMLRAS 18 6 

Query: 181 EEYAMNLGFIAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

ESYAMKLG++ KGNV3Y&PSL +Q AG A I GFK X H E DWGS T P -r A .T HH L -r AD & Y.l; V QV. A 
Sbjct: 187 EEYAMNLGYMGKGNVSYEPSLVEQLEAGAIGFKIHEDWGSTPSAIHHALKIADEYDVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 



tr Q8KT20 Urease UreB (Fragment) [ureB] [Helicobacter heilmannii] 356 AA 

Q8KT20_HELHE 

align 
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Score = 389 bits (1000), Expect = e-107 

Identities = 192/243 (79%), Positives = 206/243 (84%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

Kft Y VS M Y GPT T G D + V'S 'L<vt?? D L 1 L¥.- V K DOTTY Gr." £ X KTGGGXT X H DG.M 
Sbjct: 7 KEYVSMYGPTTGDKVRLGDTDLILEVECDCTTYGEEIKFGGGKTIRDGMGQTNSPSSHEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 12 0 

DLV^TMALIVDYT - +-QDGV *■ L C V'G PAT E ALA EGL 

Sbjct : 67 DLVITNALIVDYTGI YKADI GI KDGKI HGI GKAGNKDIQDGVCDRLCVGPATEALAGEGL 126 

Query: 121 I VTAGGI DTH I H F I S PQQ I PTAFAS GVTTMI GGGT GPADGTNATT I T PGRANLKSMLRAA 180 

I VTAGGI DTH I H F I S PQQI PTAFAS G-f-T M<* GGGT GPADGTNATT I T?G NT..K MLRA-i* 
Sbjct: 127 I VTAGGI DTH I HFIS PQQI PTAFAS GIT PMLGGGTGPADGTNATT I TPGHWNLKEMLRAS 186 

Query: 181 EEYA^INLGFLAKG^A^SYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

EEYAMNLG-i-i- KGNV3YSPSL rQ-:^AGAJ.GFKXHhl0v?GSxPv AXHH L AD;/; Yi;VQVA 
Sbjct: 187 EEYAMNLGYMGKGNVSYEPSLVEQLEAGAIGFKIHEDWGSTPSAIHHALKIADEYDVQVA 246 

Query: 241 IHT 243 

XHT 

Sbjct: 247 IHT 249 



S P P69996 Urease beta subunit (EC 3.5.1.5) (Urea amidohydrolase) 569 

URE2_HELPY [ureB] AA 

[Helicobacter pylori ( Campylobacter pylori) ] align 

Score = 378 bits (970), Expect = e-104 

Identities = 189/243 (77%), Positives = 204/243 (83%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

KEYVSMYGPTTGD+VRLGDTDLI FVSHD T Y G3 E ■:- KFGGGKT-r R-4- GMS Q-i-NH- PS EL 
Sbjc.t : 7 KEYVSMYGPTTGDKVRLGDTDLIAEVEHDYTIYGEELKFGGGKTLREGMSQSNNPSKEEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 12 0 

X'j'L r r TNAX. I VD V T MQDGV NNL VG;PA?£AT,A EGL 

Sbjct: 67 DLIITNALIVDYTGIYKADIGIKDGKIAGIGKGGNKDMQDGVKNNLSVGPATEALAGEGL 126 

Query: 121 I VTAGGI DTH I HFIS PQQI PTAFAS GVTTMI GGGTGPADGTNATT IT PGRANLKSMLRAA 180 

XVTAGGIDTHIHFXSPQQIPTAFASGVTTMIGGGTGPADGTNA.TTTTPGR . NLK MLRAA 
Sbjct: 127 I VTAGGI DTHIHFI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I TPGRRNLKWMLRAA 186 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

EXY-rMNLGFIiAK'GN 3 + SL DQXEAGAIAVFKIVHKDWC^TP+AI+H L+ V. AD + Y .1; V QV. A 
Sbjct: 187 EEYSMNLGFLAKGNASNDASL7\DQIEAGAIGFKIHEDWGTTPSAINHALDVADKYDVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 



sp P69997 Urease beta subunit (EC 3.5.1.5) (Urea amidohydrolase) 569 

URE2_HELPJ [ureB] AA 

[Helicobacter pylori J99 (Campylobacter pylori J99) ] align 
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Score = 378 bits (970), Expect = e-104 

Identities = 189/243 (77%), Positives = 204/243 (83%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 " 

KS Y YSM Y G PT T GD + VP. LGDTDL I ^Vr.VHD T Y G £ K, -r KTGGGK? -rP. 4- GMS Q*r • n + p 3 £L 
Sb j ct : 7 KEYVSMYGPTTGDKVRLGDTDLIAEVEHDYTI YGEELKFGGGKTLREGMSQSNNPSKEEL 66 

Query: 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DL * VTNALIVDYT MQDGV NNL VG PATE ALA EGL 

Sbjct : 67 DLIITNALIVDYTGIYK7U5IGIKDGKIAGIGKGGNKDMQDGVKNNLSVGPATEALAGEGL 126 

Query: 121 I VTAGGI DTHI H FI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT ITPGRANLKSMLRAA 180 

I VTAGGI DTH I H IT I S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGR MT..K KLP.AA 
Sbjct: 127 I VTAGGI DTHIHFIS PQQI PTAFAS GVTTMI GGGTGPADGTNATT I TPGRRNLKWMLRAA 186 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

EEY rMNLGFLAKGN 3 SL £Q X RAG A I GFKI HE DWG-:*T A I -t-H LfVAD+YDVQYA 
Sbjct: 187 EEYSMNLGFLAKGNASNDASLADQIEAGAIGFKIHEDWGTTPSAINHALDVADKYDVQVA 246 

Query: 241 IHT 243 

Sbjct: 247 IHT 249 



tr Q9S0Q5 Urease B [ureB] [Helicobacter pylori (Campylobacter 569 

Q9S0Q5_HELPY pylori)] AA 

align 

Score = 378 bits (970), Expect = e-104 

Identities = 189/243 (77%), Positives = 204/243 (83%) 

KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

KEYVSMYGPTTGDfVRLGDTDLI FV3HD T YGEE-i-KFGGGKTH-R+GMSQ-i-N+PS £L 



DL v tTNAY..XVDYT MQDGV m V GP AT E A.LA SQL 



IVTAGGIDTHIHFXSPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGR NLK MLRAA 



ESY+MNLOT'LAKGN 8 + SL DQX SAGA I G S'K'.l HP. D>< G-t-T P-f .A .T. +h' L + V AD + Y D V QV A 



Query: 


1 


Sbjct: 


7 


Query: 


61 


Sbjct: 


67 


Query: 


121 


Sbjct: 


127 


Query: 


181 


Sbjct: 


187 


Query: 


241 


Sbjct: 


247 



tr Q8KT12 Urease UreB (Fragment) [ureB] [Helicobacter pylori SSI] 37 8 AA 

Q8KT12_HELPY 

align 
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Score = 378 bits (970), Expect = e-104 

Identities = 189/243 (77%), Positives = 204/243 (83%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

Kft Y VSM Y G PTT GD+ VP LGOT.OLI £Y£RD T Y G£ -r-K VGGGKT -f-R + GMS Q-rN-f p 3 EL 
Sbjct: 7 KEYVSMYGPTTGDKVRLGDTDLIAEVEHDYTIYGEELKFGGGKTLREGMSQSNNPSKEEL 66 

Query: 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DL-++TNALIVDYT MQDGV NNL VG PATE AXA SGL 

Sbjct: 67 DLIITNALIVDYTGIYKADIGIKDGKIAGIGKGGNKDMQDGVKNNLSVGPATEALAGEGL 12 6 

Query: 121 IVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAA 180 

I V'T AGG I. DTH I H F I S PQQ I PTAFAS GVT TMI GGGT G?7\DGTNAT T I T P GR NI.K MLRAA 
Sbjct: 127 I VTAGGI DTH I H F I S PQQ I PTAFAS GVTTMI GGGT GPADGTNATT I T PGRRNLKWMLRAA 186 

Query: 181 EE YAMNLGFLAKGNVS YE PSLRDQI EAGAI GFKI HEDWGSTPAAI HHCLNVADE YDVQVA 240 

£EY rMNLGFIAKGN 3 + SL DQI &AGA I GFKI KhlDWG-;-T ?r A I IH-YAD + YDVQVA 
Sbjct: 187 EEYSMNLGFLAKGNASNDASLADQIEAGAIGFKIHEDWGTTPSAINHALDVADKYDVQVA 246 

Query: 241 IHT 243 

Sbjct: 247 IHT 249 



tr Q84F75 Urease beta (EC 3.5.1.5) [ureB] [Helicobacter pylori 569 

Q8 4F75_HELPY (Campylobacter AA 

pylori) ] align 

Score = 378 bits (970), Expect = e-104 

Identities = 189/243 (77%), Positives = 204/243 (83%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

KE YVSMY GPTTGD1- VRLGDTDL I EVEHD T YGEIvH<FGGGKT-:*R -I- GMSQ-i-M-i- PS ST.. 
Sb j ct : 7 KEYVSMYGPTTGDKVRLGDTDLIAEVEHDYTI YGEELKFGGGKTLREGMSQSNNPSKEEL 66 

Query: 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

X)hr rTNALXVDYT • MQDGV NNL V G P AT £ A.LA SGL 

Sbjct: 67 DLI ITNALI VDYTGI YKADI GI KDGKIAGI GKGGNKDMQDGVKNNLSVGPATEALAGE GL 126 

Query: 121 I VTAGGI DTH I HFISPQQI PTAFAS GVTTMI GGGTGPADGTNATT I TPGRANLKSMLRAA 180 

IVTAGGIDTHIHFXSPQQIPTAFASGVTTMIGGGTGPADGT^/TTXTPGH NLK KLRflA 
Sbjct: 127 I VTAGGI DTHI HFISPQQI PTAFAS GVTTMI GGGTGPADGTNATT IT PGRRNLKWMLRAA 186 ■ 

Query: 181 EE YAMNLGFLAKGNVS YE PS LRDQ I EAGAI GFKI HEDWGSTPAAI HHCLNVADE YDVQVA 240 

ESY+MNLGFIAKGN 3 + SL DQ I SAGA I GS'KI H £ DW G-Kl' P H- A I + H L +V AD + Y i; V QY A 
Sbjct: 187 EEYSMNLGFLAKGNASNDASIADQIEAGAIGFKIHEDWGTTPSAINHALDVADKYDVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 



Q7X3W5 Urease B [ureB] [Helicobacter pylori (Campylobacter 569 

Q7X3W5_HELPY pylori) ] © AA 

align 
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Score = 378 bits (970), Expect = e-104 

Identities = 189/243 (77%), Positives = 204/243 (83%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

K£ Y V'S'M Y GPT T G D + V? LGDTDL I £V£RD T Y Gr.V£ tKFGGGXT +P. -KyMSQ-f N+ PS 
Sbjct: 7 KEYVSMYGPTTGDKVRLGDTDLIAEVEHDYTIYGEELKFGGGKTLREGMSQSNNPSKEEL 66 

Query: 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 12 0 

DL-+-5-TMALIVDYT MQDGV NNL VGPATEALA EGL 

Sbjct : 67 DLIITNALIVDYTGIYKADIGIKDGKIAGIGKGGNKDMQDGVKNNLSVGPATEALAGEGL 126 

Query: 121 I VTAGGI DTH I H FI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAA 180 

I VT AGG I DT H I H F I S PQ Q I PTAFAS GVTTMI GGGTGPADGTNATT IT PGR NT..K MLP.AA 
Sbjct: 127 I VTAGGI DTHIHFIS PQQI PTAFAS GVTTMI GGGTGPADGTNATTITPGRRNLKWMLRAA 18 6 

Query: 181 EE YAMNLGFLAKGNVS YE PSLRDQIEAGAI GFKI HEDWGSTPAAI HHCLNVADE YDVQVA 240 

V;SY-+MNLGFL?VKGN 3 + SL I;QI £AGAI GFKTR£0itfG-i-TP*y AI Hi L+V AD +■ YDVQVA 
Sbjct: 187 E E Y SMNLGFLAKGNASNDAS LADQ I E AGAI GFK I HE DWGTT PS AI NHALDVADKY DVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 



tr Q6UK72 UreB (Fragment) [ureB] [Helicobacter pylori 370 

Q6UK72_HELPY (Campylobacter pylori) ] AA 

align 

Score = 378 bits (970), Expect = e-104 

Identities = 189/243 (77%), Positives = 204/243 (83%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

KEYVSMYGPTTGDi-VRLGDTDLI EVEHD T Y GE E ■:■ KFGGGKT •:■ R* GMS Q-i-lvH- PS EL 
Sbjct : 7 KEYVSMYGPTTGDKVRLGDTDLIAEVEHDYTIYGEELKFGGGKTLREGMSQSNNPSKEEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

Dl:vrTNALIVDYT MQDGV m VGPAT&ALA KQL 

Sbjct : 67 DLIITNALIVDYTGIYKADIGIKDGKIAGIGKGGNKDMQDGVKNNLSVGPATEALAGEGL 12 6 

Query: 121 IVTAGGI DTHIHFIS PQQI PTAFAS GVTTMI GGGTGPADGTNATT IT PGRANLKSMLRAA 180 

1VTAGGI DTHIHFIS PQQI PTAFAS GVTTMI GGGTGPADGTNATT IT PGR NLK MLRAA 
Sbjct: 127 IVTAGGI DTHI HFI S PQQ I PTAFAS GVTTMI GGGTGPADGTNATT I T PGRRNLKWMLRAA 186 

Query: 181 EE YAMNLGFLAKGNVS YE PSLRDQIEAGAI GFKI HEDWGSTPAAI HHCLNVADE YDVQVA 240 

E£Y~KKLGFLAKGN 3 + SL DQT^AGAIG^KIHK0^G^TP-t-AI+H L+VAD+YDVQYA 
Sbjct: 187 EE Y SMNLGFLAKGNASNDAS LADQ I EAGAI GFKI HEDWGTT PSAI NHALDVADKY DVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 



tr Q64EY3 UreB [ureB] [Helicobacter pylori (Campylobacter pylori) ] 567 AA 

Q64EY3_HELPY 

align 
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Score = 378 bits (970), Expect = e-104 

Identities = 189/243 (77%), Positives = 204/243 (83%) 

Query : 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

K£ Y YSM Y GPTT GD + VP LG :.>T D L 1 VJVf.VHD T Y Gr.V£ +K.VGGGKT +R Q-Hv + V'S 
Sb jet : 5 KEYVSMYGPTTGDKVRLGDTDLIAEVEHDYTIYGEELKFGGGKTLREGMSQSNNPSKEEL 64 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DL* +-TNALIVDYT MQDGV NNL VGPATEALA SGL 

Sbjct : 65 DLIITNALIVDYTGIYKADIGIKDGKIAGIGKGGNKDMQDGVKNNLSVGPATEALAGEGL 124 

Query: 121 I VTAGGI DTH I H F I S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I TPGRANLKSMLRAA 180 

IVTAGGI DTH I HF J S PQQI PTAFAS GVTTMI GGGT G?7\D GTKAT T I T PGP. NT..K MLR AA 
Sbjct: 125 IVTAGGI DTH I H FI S PQQI PTAFAS GVTTMI GGGTGPADGTNATTI T PGRRNLKWMLRAA 184 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

ESYtMNLGFLAKGN 3 + SL DQX^AGAIGFKIH^D'^G-i-TP^ AT. +tf I. V AD YD V QV A 
Sbjct: 185 EE YSMNLGFLAKGNTSNDAS LADQ I EAGAI GFKI HEDWGTT PSAINHALDVADKYDVQVA 244 

Query: 241 IHT 243 

.T.HT 

Sbjct: 245 IHT 247 



tr Q9X742 Urease (Fragment) [ureB] [Helicobacter bizzozeronii] 231 AA 

*Q9X742_HELBI 

align 

Score = 377 bits (968), Expect = e-103 

Identities = 188/224 (83%), Positives = 196/224 (86%) 

Query: 17 LGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDLVLTNALIVDYTXXX 76 

LGDTDLI LE VE HDCTT YGS E I KFGGGKT I RDGM+QTNS P;S S -t-S LDIiVLTNALI VDYT 
Sbjct: 8 LGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMAQTNSPSSHELDLVLTNALIVDYTGIY 67 

Query: 77 XXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLI VTAGGI DTH I HFISP 136 

MQDGV ^lcvgpat^atj^:glivtaggidthihfisp 

Sbjct: 68 KADI GIKNGKI HGI GKAGNKDMQD GVCNNLCVG PAT EALAAEGL I VTAGGI DTHIHFI S P 127 

Query: 137 QQ I PTAFAS GVTTMI GGGTGPADGTNATT I TPGRANLKSMLRA7VEEYAMNLGFLAKGNVS 196 

QQIPTAFASG-:-TTMIGGGTGPADGTNATTaTPGR NLK+MI'jR A*:-K IV. Y AMNLG-v L KGNVS 
Sbjct: 128 QQ I PTAFAS GITTMI GGGTGPADGTNATT I TPGRWNLKTMLRASEEYAMNLGYLGKGNVS 187 

Query: 197 YEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

YSPSIi DQ AG A I GFK X HF. D'ftG 3 x PA A 1 HH C LN V AD + Y i; V QV. A 
Sbjct: 188 YEPSLVDQLEAGAIGFKIHEDWGSTPAAIHHCLNVADKYDVQVA 231 



tr Q8KT33 Urease UreB (Fragment) [ureB] [Helicobacter pylori 377 

Q8KT33_HELPY 26695] AA 

align 

Score = 377 bits (968), Expect = e-103 

Identities = 189/243 (77%), Positives = 204/243 (83%) 
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Query : 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

Sb jet : 7 KEYVSMYGPTTGDKVRLGDTDLIAEVEHDYTIYGEELKFGGGKTLREGMSQSNNPSKEEL 66 

Query : 61 DLVLTiNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXX^QDGVDNNLCVGPATEALAAEGL 12 0 

DL—TKAI-IVDYT MQDGV NNL V G P AT E A.Y.A EGL 

Sbjct : 67 DLIITNALIVDYTGIYKADIGIKDGKIAGIGKGGNKDMQDGVKNNLSVGPATEALAGEGL 126 

Query: 121 I VTAGGI DTH I H FI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAA 180 

I VTAGGA'DTHI HFX 5> PQQI PTAFAS G v'TTMA* GGGTGPADGTNA.TT I TPGK NLK MLHAA 
Sbjct: 127 I VTAGGI DTHI H FI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRRNLKWMLRAA 186 

Query: 181 EE YAMNLGFLAKGNVS YE PS LRDQI EAGAI GFKIHEDWGSTPAAI HHCLNVADE YDVQVA 240 

EEY-i-KKLGB'LAKGK S + SL DQI EAGAI GFKIK£DWG-*-TP-J-AI + H L-K?iU>K/DVQVA 
Sbjct: 187 EEYSMNLGFLAKGNASNDASLVDQI EAGAI GFKIHEDWGTT PS AINHALDVADKYDVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 



tr Q8RNU6 Urease B subunit [ureB] [Helicobacter pylori 559 

Q8RNU6_HELPY (Canpylobacter AA 

pylori) ] align 

Score = 376 bits (966), Expect = e-103 

Identities = 188/243 (77%), Positives = 203/243 (83%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

KEY 3 MY G PT T GD + V R L G D's: DL X JsVVriHD T * Gi?;S+KFG«GKT+R+GMSQ+N + PS £L 
Sbjct: 7 KEYASMYGPTTGDKVRLGDTDLIAEVEHDYTIYGEELKFGGGKTLREGMSQSNNPSKEEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DL -r-:-TNALi VD Y T ' MQDGV NNL VGPATEALA EGL 

Sbjct : 67 DLI I TNALI VDYTGI YKADI GI KDGKI AGI GKGGNKDMQDGVKNNLS VGPATE ALAGE GL 126 

Query: 121 I VT AGG I DTH I H FI S PQ QI PTAFASGVTTM I GGGTG PAD GTNAT TIT PGRANLKSMLRAA 180 

I VTAGGI DT I-I I. H F I S PQQ I PTAFAS GVT TMI GGGT G PAT.; GTNAT T I T ? GR NLK MLRAA 
Sbjct: 127 I VTAGGI DTH I H F I S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRRNLKWMLRAA 186 

Query: 181 EE YAMNLGFLAKGNVS YE PS LRDQI EAGAI GFKIHEDWGSTPAAI HHCLNVADE YDVQVA 240 

EFiY-i-MNLGFIJVKGN S 4- 3L DQ I. tfAGAI GFKI HE DW Gr TP -f-Al'+K i>VAD+ YDVQVA 
Sbjct: 187 EEYSMNLGFL7VKGNASNDASL7\DQI EAGAI GFKIHEDWGTT PS AINHALDVADKYDVQVA 246 

Query: 241 IHT 243 

Sbjct: 247 IHT 249 



tr Q8KT30 Urease UreB (Fragment) [ureB] [Helicobacter heilmannii] 222 AA 

Q8KT30_HELHE 

align 

Score = 376 bits (966), Expect = e-103 

Identities = 191/216 (88%), Positives = 191/216 (88%) 
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Query : 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

KE YVSMY GPTT GDRVRLGDTDIiI LE VEBDCTT Y GEE I KFGGGKT I RDGMS QTNS PS 3 YE L 
Sbjct : 7 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 66 

Query: 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DLV LTNALIVDY T MQDGVD^LC VGh> ATE ALAAK 01; 

Sbjct : 67 DLVLTNALIVDYTGIYKADIGIKDGKIAGIGKAGNKDMQDGVDNNLCVGPATEALAAEGL 12 6 

Query: 121 I VTAGGI DTH I H F I S PQQ I PTAFAS GVTTMI GGGT GPADGTNATT I T PGRANLKSMLRAA 180 

I VTAGGI* DTH 1 H F I S PQQI :VxAF AS G v'TTMV GG GTGT^DGTNATT X T PGRANLKSMLRAA 
Sbjct: 127 I VTAGGI DTH I HF I S PQQ I PTAFAS GVTTMI GGGT GPADGTNATT I T PGRANLKSMLRAA 186 

Query: 181 EE YAMNLGFLAKGNVS YE PSLRDQI EAGAI GFKIHE 216 

E & Y AMNLGFLAXQN V8 Y S PS LRDQ1 £ AG A 1 G KaHE 
Sbjct: 187 EE YAMNLGFLAKGNVS YE PS LRDQ I EAGAI GLKI HE 222 



tr Q8KT11 Urease UreB (Fragment) [ureB] [Helicobacter sp. TD1] 387 AA 

Q8KT11_9HELI 

align 

Score = 376 bits (965), Expect = e-103 

Identities = 189/243 (77%), Positives = 203/243 (82%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

K£ YYSMYGPTTGD LGDTOLI LEVh^HO T YGEE ^KV'GGGKT^R-f-GMSQrN4-PS ZL 
Sbjct: 7 KEYVSMYGPTTGDKVRLGDTDLILEVEHDYTIYGEELKFGGGKTLREGMSQSNNPSKEEL 66 

Query : 61 - DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DL-t--:-TNAX:IVDYT MQDGV NNL YGPATKALA tfGL 

Sbjct: 67 DLIITNALIVDYTGIYKADIGIKDGKIAGIGKGGNKDMQDGVKNNLSVGPATEALAGEGL 126 

Query: 121 I VTAGGI DTHIHFISPQQI PTAFAS GVTTMI GGGT GPADGTNATT IT PGRANLKSMLRAA 180 

XVTAGGIDTHI r'ISPQQI PTAV AS GVTTMI GGGT GPADGTNATT IT PGR NLK MLRAA 
Sbjct: 127 I VTAGGI DTHIXFISPQQI PTAFAS GVTTMI GGGTGPADGTNATT I TPGRRNLKWMLRAA 186 

Query: 181 EE YAMNLGFLAKGNVS YE PS LRDQ I EAGAI GFKI HE DWGSTPAAIHHCLNVADEYDVQVA 240 

E E Y AMN L G F L KGN 3 H- SL DQ I EAGAI G if K I H H! DW G-:-T P + A.I -Hi LH-VAIH-YDVQVA 
Sbjct: 187 EEYAMNLGFLGKGNASNDASLADQIEAGAIGFKIHEDWGTTPSAINHALDVADKYDVQVA 246 

Query: 241 IHT 243 

J.H'T 

Sbjct: 247 IHT 249 



tr Q9AFB1 Urease B [Helicobacter pylori (Campylobacter pylori)] 569 AA 

Q9AFB1_HELPY 

align 

Score = 375 bits (964), Expect = e-103 

Identities = 188/243 (77%), Positives = 203/243 (83%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

?CE YVSMY GPTTGDi- VRLGDTDT.il EVEHD T YGBS-M<FGGGKT^-R+GMSCW*N+PS EL 
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Sbjct : 7 KEYVSMYGPTTGDKVRLGDTDLIAEVEHDYTIYGEELKFGGGKTLREGMSQSNNPSKEEL 66 

Query: 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

D L -:- -t-TNAL I V D Y T MODGV NNL VGPATEALA £GL 

Sbjct: 67 DLIITNALIVDYTGIYKADIGIKDGKIAGIGKGGNKDMQDGVKNNLSVGPATEALAGEGL 126 

Query: 121 IVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAA 180 

I VTAGGI DTK I H F I S ?QQI PTAFAS GVTTMI GGGTGPADGTNATT I 'T PGR NLK MLRAA 
Sbjct: 127 I VTAGGI DTH I H F I S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRRNLKWMLRAA 186 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

E&Y-i-MNI: FLAKGN 8 + SL DQIEAGATG^KIHEDwG vr?-kAI+K L+VAD+YDVQVA 
Sbjct: 187 EEYSMNLSFLAKGNASNDASLADQIEAGAIGFKIHEDWGTTPSAINHALDVADKYDVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 



Q9S6R7 Urease (Fragment) [ureB] [Helicobacter bizzozeronii] 230 AA 

Q9S6R7_HELBI 

align 

Score = 373 bits (958), Expect = e-102 

Identities = 186/223 (83%), Positives = 195/223 (87%) 

Query: 17 LGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDLVLTNALIVDYTXXX 7 6 

LGDTD L I LE VE HD CT T Y GE E I K F GGGKT I P. D G>H- OTN S F 3 S E LD LVLTNAI: I YD Y T 
Sbjct : 8 LGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMAQTNSPSSHELDLVLTNALIVDYTGIY 67 

Query : 77 XXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLIVTAGGIDTHIHFISP 136 

MQDGV NNLCVGPA.TEAi:AAEGLXVTAGGIDTHIHFISP 
Sbjct: 68 KADI GI KNGKI HGI GKAGNKDMQDGVCNNLCVGPATEALAAE GLI VTAGGI DTH I H FI S P 127 

Query: 137 QQ I PTAFAS GVTTMI GGGTGPADGTNATT I TPGRANLKSMLRAAEEYAMNLGFLAKGNVS 196 

QOX PTAFAS G v TTMI GGGTGPADGTNATTI TPGR NXjK-r-MLRA r E th YAMN LG +-L KGNVS 
Sbjct: 128 QQI PTAFAS GI TTMI GGGTGPADGTNATT I T PGRWNLKTMLRAS EE YAMNLGY LGKGNVS 187 

Query: 197 YEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQV 239 

YSPSL DQ-r^AGA'.V G£'KTK£Dw GST PAAX +KOLN v'A.D+Y O'V'Q V 
Sbjct: 188 YEPSLVDQLEAGAIGFKIHEDWGSTPAAIYHCLNVADKYDVQV 230 



tr Q6UK74 UreB (Fragment) [ureB] [Helicobacter pylori 359 

Q6UK74_HELPY (Campylobacter pylori) ] AA 

align 

Score = 372 bits (955), Expect = e-102 

Identities = 186/243 (76%), Positives = 201/243 (82%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

K&Y 3 .MY G PT T GD +V R L G DT XXL X EVSHD T V G.£ .V^KFGG GKT+R+GMS Q**-& + PS ST.. 
Sbjct : 7 KEYASMYGPTTGDKVRLGDTDLIAEVEHDYTIYGEELKFGGGKTLREGMSQSNNPSKEEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 
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DL^TKALIVDYT MQSGV NNL VGPA'i:BA7.:A £GL 

Sbjct: 67 DLIITNALIVDYTGIYKADIGIKDGKIAGIGKGGNKDMQDGVKNNLSVGPATEALAGEGL 126 

Query: 121 IVTAGGI DTHI HFI S PQQI PTAFASGVTTMI GGGTGPADGTNATT I TPGRANLKSMLRAA 180 

X VTAG G I DTK X H FI 3 ifQQ X PT A t A3 GV TTM1 GGGT GPAj>GTNATT I T PGY< NLK MLRAA 
Sbjct: 127 I VTAGGI DTHI HFI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRRNLKFMLRAA 186 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

ESY GH'LAKGM 3 + SL DQIEAGAIG KIHEDWG-i-TP+AI+H L+VAJj-J-YDVQVA 
Sbjct: 187 E E Y SMNFGFLAKGNXSNDAS LADQI EAGAI GXKI HEDWGTT PSAI NHALDVADKYDVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 



tr Q6UK7 0 UreB (Fragment) [ureB] [Helicobacter pylori 374 

Q6UK70_HELPY (Campylobacter pylori) ] AA 

align 

Score = 372 bits (955), Expect = e-102 

Identities = 186/243 (76%), Positives = 201/243 (82%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

Kft Y V'SM Y GPTT GD + VR LG T.V.V D L I EVEHD 'J: YG££+KV*GGGKT+R^G^SQ+N+P3 Si: 
Sbjct : 7 KEYVSMYGPTTGDKVRLGDTDLIAEVEHDYTIYGEELKFGGGKTLREGMSQSNNPSKEEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 12 0 

DL-+ +TNALIVDYT QDGV NNL VGPATBiALA EGL 

Sbjct: 67 DLI I TNALI VDYTGI YKADI GIKDGKIAGI GKGGNKDT QD GVKNN L SVG PATE ALAGEGL 126 

Query: 121 I VTAGGI DTH I HF IS PQQI PTAFAS GVTTMI GGGTGPADGTNATT I TPGRANLKSMLRAA 180 

I VTAGGI DTK I H F I S PQQ I PT7\F AS GVTTMI GGGT G?7\DGTNATT X T PGR NLK MLP.AA 
Sbjct: 127 I VTAGGI DTHI HFI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRRNLKFMLRAA 186 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

GFLAKGN 3 + SL DQXSAGAIG KIH£Dv?G-:-T?y AX +H XH-VAD4-YDVQVA 
Sbjct: 187 EEYSMNFGFLAKGNASNDASLADQ I EAGAIGLKI HEDWGTT PSAI NHALDVADKYDVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 



tr QSKT15 Urease UreB (Fragment) [ureB] [Helicobacter heilmannii] 222 AA 

Q8KT15_HELHE 

align 

Score = 346 bits (888), Expect = 2e-94 

Identities = 172/216 (79%), Positives = 183/216 (84%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

K^YVSKYGPTTGDfVRLGX;TDLXL^VX;HDCTTVGX;X;XKFGGGKTXRDGM QTNSPSS+SL 
Sb j ct : 7 KEYVSMYGPTTGDKVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMGQTNSPSSHEL 66 
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Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

DLV-i-TNALIVDYT , +QDGV N LCVGPATEALA £GL 

Sbjct: 67 DLVITNALIVDYTGIYKADIGIKDGKIHGIGKAGNKDIQDGVCNRLCVGPATEALAGEGL 126 

Query: 121 I VTAGGIDTHI H FI S PQQI PTAFAS GVTTMI GGGTGPADGTNATTI T PGRANLKSMLRAA 180 

'i' V TAG G I i";T K .V R F 1 8 VrQQ .V PTAFAS G-r TTM+ GGGT G PA.OGTNATT .X T if GV< NLK 
Sbjct: 127 I VTAGGI DTHI H FI S PQQI PTAFAS Gl TTMLGGGTGPADGTNATT I T PGRWNLKEMLRAS 186 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHE 216 

KGNVSY£P3L +Q+£AGAIG KT.H& 
Sbjct: 187 E E YAMNLGYMGKGNVS Y E PS LVE QLE AGAI GLKI HE 222 



sp P50045 Urease beta subunit (EC 3.5.1.5) (Urea amidohydrolase) 308 

URE2_HELMU (Fragment) AA 

[ureB] [Helicobacter mu stelae] align 

Score = 323 bits (829), Expect = le-87 

Identities = 163/243 (67%), Positives = 185/243 (76%) 

Query : 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

K^YVSMYGPTTGDH-VRLGDT-rLI JsW-rS D T YGSEIKFGGGKTIRDGMSQ-:- SP EL 
Sbjct : 7 KEYVSMYGPTTGDKVRLGDTELIAEIEKDYTVYGEEIKFGGGKTIRDGMSQSVSPDVNEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 12 0 

X) VrTNA-M-i-DYT QV>GV +L VG vT^A.-f-A EGL 

Sbjct : 67 DAVITNAMIIDYTGIYKADIGIKDGKIAGIGKAGNRDTQDGVGMDLWGASTEAIAGEGL 12 6 

Query: 121 IVTAGGIDTHIHFIS PQQI PTAFAS GVTTMI GGGTGPADGTNATTITPGRANLKSMLRAA 180 

1 VTAGGI J.V.T" K I H FI S P QIPTA S GVTTMI GGGT GPA G? ATTT+PG N+K M+KAA 
Sbjct: 127 IVTAGGIDTHIHFIS PTQIPTALYSGVTTMIGGGTGPAAGTFATTISPGEWNIKQMIRAA 186 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

EEY MNLGF KGN 3 -f-L DQI+AGivfGFK+KSD GST PA I+H L-K-A-H- YDVQVA 
Sbjct: 187 EEYTMNLGFFGKGNTSNVKALEDQIKAGALGFKVHEDCGSTPAVINHSLDIAEKYDVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 



tr Q9R8R3 Urease beta subunit (Fragment) [ureB] [Helicobacter 315 

Q9R8R3_HELHP hepaticus] AA 

align 

Score = 319 bits (817)., Expect = 4e-86 

Identities - 159/243 (65%), Positives = 181/243 (74%) 

Query : 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

Ivi'Y SMYG?TTGD-fVRLGDT->L Ei-E D T Y GEE I KFGGGKT I RDGM-I-Q + S ■•• EL 
Sbjct: 7 KQYASMYGPTTGDKVRLGDTNLFAEIEKDYTLYGEEIKFGGGKTIRDGMAQSASTYTNEL 66 

Query : 61 DLVLTNAXIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

D V-i-TNA + J+DY? QDGV-i- + VG ATE *A EG 

Sbjct: 67 DAVITNAMIIDYTGIYKPlDIGIKGGKIVGIGKAGNPDTQDGVNEAMWGAATEVIAGEGQ 126 
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Query: 121 I VTAGGI DTHI HFI S PQQI PTAFASGVTTMI GGGTGPADGTNATTITPGRANLKSMLRAA 180 

I+TAGGIDTHIHFISP QIFTA S GVTTMI GGG'T G ?A GTNATT TPG4- N-i- MLP.AA 
Sbjct: 127 1 1 TAGGI DTH IHFISPTQI PTALYS GVTTMI GGGTGPAAGTNATTCT PGKWNMHQMLRAA 186 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

V; YAMNLGF KGN 3 S L 4-QX+;AGA4-G K+HSDWGSTPAAI+H LNYA •t-YT;-VQVA 
Sbjct: 187 E S YAMNLGF FGKGNS SNE E GLE E Q I KAGALGLKVHE DWGS T PAAI NHALNVAQK YDVQVA 246 

Query: 241 IHT 243 

Sbjct: 247 IHT 249 



tr Q9R8R1 Urease beta subunit (Fragment) [ureB] [Helicobacter 315 

Q9R8R1_HELHP hepaticus] AA 

align 

Score = 317 bits (812), Expect = le-85 

Identities = 158/243 (65%), Positives = 180/243 (74%) 

Query : 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

K4-Y SMYGPTTGDH-VRLGDT-:-7.i E-K5 D T YGSEIKFGGGKTXRDGM-f-Q^ S +■ 5L 
Sbjct : 7 KQYASMYGPTTGDKVRLGDTNLFAEIEKDYTLYGEEIKFGGGKTIRDGMAQSASTYTNEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 12 0 

D VrTNA-t-XH-DYT QDGVr + VG AT£ +A EG 

Sbjct: 67 DAVITNAMIIDYTGIYKADIGIKGGKIVGIGKAGNPDTQDGVNEAMWGAATEVIAGEGQ 126 

Query: 121 I VTAGGI DTH I HFIS PQQI PTAFASGVTTMI GGGTGPADGTNATTITPGRANLKSMLRAA 180 

^KTAGGTDTKIHFTSP QIPTA S GVTTMI GGGTGPA GTNATT TPG + N-i- MLRAA 
Sbjct: 127 1 1 TAGGI DTHI HFISPTQI PTALYS GVTTMI GGGTGPAAGTNATTCT PGKWNMHQMLRAA 186 

Query: 181 EE YAMNLGFLAKGNVS YE PS LRDQIEAGAI GFKI HEDWGSTPAAI HHCLNVADE YDVQVA 240 

E YAMNLGF KGN 3 £ L +QX+AGA+G K.+HKDWGSTP.AAI+H LNYA +Y.DVQY 
Sbjct: 187 ES YAMNLGF FGKGNS SNEEGLXEQ I KAGALGLKVHE DWGS T PAAI NHALNVAQKYDVQW 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 



tr Q93PJ4 Urease beta subunit UreB (EC 3.5.1.5) [ureB] 569 

Q93PJ4_HELHP [Helicobacter AA 

hepaticus] align 

Score = 317 bits (811), Expect = 2e-85 

Identities = 158/243 (65%), Positives = 180/243 (74%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

K+Y SMYGPTTGD-hVRLGDT^L E + S D T YGEEIK.FGGGKTIRDGM+Q+- S * £L 
Sbjct: 7 KQYASMYGPTTGDKVRLGDTNLFAEIEKDYTLYGEEIKFGGGKTIRDGMAQSASTYTNEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 12 0 

D V-i-TNA + I+DYT QD V-i- H- VG ATE <A EG 
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Sbjct: 67 DAVI TNAMI I D YTGI YKADI GI KGGKI VGI GKAGNPDTQDS VNEAMWGAATE VI AGE GQ 126 

Query: 121 I VTAGGI DTH I H FI S PQQI PTAFASGVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAA 180 

X+TAGGIDT:tIHFXSE* Ql'PTA SGVTTMIGGGTGPA GTNATT TPG+ N* MLRAA 
Sbjct: 127 1 1 TAGGI DTH I H F I S PTQ I PTALY S GVTTMI GGGT GPAAGTNATT CT PGKWNMHQMLRAA 186 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

E YAMNLGF KGN 3 S L +QI+AGA.+G K+HEDwGSTPAAI-t-H LNVA +YDVQVA 
Sbjct: 187 ESYAMNLGFFGKGNSSNEEGLEEQIKAGALGLKVHEDWGSTPAAINHALNVAQKYDVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 



tr Q9ZHF1 Urease beta subunit (Fragment) [ureB] [Helicobacter 315 

Q9ZHF1_HELHP hepaticus] AA 

align 

Score = 317 bits (811), Expect = 2e-85 

Identities = 158/243 (65%), Positives = 180/243 (74%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

K+Y SMYGPTTGD+VRLGDTH-L E+S D T Y G3 £ I K F GGGKT I R D GM ••• S + EL 
Sbjct: 7 KQYASMYGPTTGDKVRLGDTNLFAEIEKDYTLYGEEIKFGGGKTIRDGMAQSASTYTNEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

D V + 'TNA* i ■ I H- D Y T QO V+ *• VG ATE *A EG 

Sbjct: 67 DAVI TNAMI I DYTGIYKAD I GIKGGKIVGI GKAGNPDTQDS VNEAMWGAATE VI AGE GQ 126 

Query: 121 I VTAGGI DTH I HF IS PQQI PTAFASGVTTMI GGGTGPADGTNATT IT PGRANLKSMLRAA 180 

I-KTAGGIDTHIH^TSP QIPTA SGVTTMIGGGTGPA GTNATT TPG4- N-i- MLHAA 
Sbjct: 127 1 1 TAGGI DTH I HFI S PTQ I PTALY S GVTTMI GGGT GPAAGTNATT CTPGKWNMHQMLRAA 186 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

E YAMNLGP KGN S E X, -rQXH-AGA^G K+HEDTC3TPAA.T.4-H LNVA 4-Yi;VQVA . 
Sbjct: 187 ESYAMNLGFFGKGNSSNEEGLEEQIKAGALGLKVHEDWGSTPAAINHALNVAQKYDVQVA 246 

Query: 241 IHT 243 

IHT 

Sbjct: 247 IHT 249 



tr Q9RGP8 Urease (Fragment) [ureBJ [Flexispira 243 AA 

Q9RGP8_9HELI rappini] align 

Score = 312 bits (800), Expect = 3e-84 

Identities = 155/243 (63%), Positives = 180/243 (73%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

KE Y VSMY £ PT T GD -\- -vKLQ DT ->"L £+£ D YGSSIKFGGGKTIP.DGM+Q+- S 3 
Sbjct : 1 KEYVSMYGPTTGDKIRLGDTELFAEIEKDYAIYGEEIKFGGGKTIRDGMAQSVSDSENEL 60 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

D V-i-TKA+I+DYT QDGV •:• L VG TE <-A EGL 
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Sb jet : 61 DSVITNAVI I DYTGI YKADIGI KNGKI FGI GKAGNKDTQDGVCDKLI VGTNTEVIAGEGL 120 

Query: 121 I VTAGGI DTH I HFI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAA 180 

I V TAG G I DT K I H -i- 1 3 P QIPTA S GV TTM1 GGGT G PA GT+ATT TPG -H-+ 
Sbjct: 121 IVTAGGIDTHIHYISPTQIPTALYSGVTTMIGGGTGPAAGTSATTCTPGSWHMREMIRAT 180 

Query: 181 EEYAMNLGFLAKGWSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLWADEYDVQVA 240 

•i- YAT4N GF KGM 3 E + L CIS-+GA4-G KH-KEDWG3TPAAI-Kf LK-tAD+YDVQYA 
Sbjct: 181 QHYAMNFGFFGKGNSSNENALSKQIESGALGLKVHEDWGSTPAAINHALNIADKYDVQVA 240 

Query: 241 IHT 243 

IHT 

Sbjct: 241 IHT 243 



tr Q8KT14 Urease UreB (Fragment) [ureB] [Helicobacter heilmannii] 202 AA 

Q8KT14_HELHE 

align 

Score = 311 bits (798), Expect = 6e-84 

Identities = 155/196 (79%), Positives = 164/196 (83%) 

Query: 1 KE YVSMYGPTTGDRVRLGDTDLI LEVEHDCTTYGEE I KFGGGKTI RDGMSQTNS PS S YEL 60 

KE Y VSM YGPTT GDH-VRLGDTDLI LE VE HDCTT Y GrEE I KFGGGrKT I RDGM QTNSP8S+EL 
Sbjct: 7 KEYVSMYGPTTGDKVRLGDTDLI LEVEHDCTTYGEE IKFGGGKTIRDGMGQTNSPSSHEL 66 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 12 0 

D LV + TNAL I VD Y T 4-QDGV N LCVGPATEAXA EGL 

Sbjct : 67 DLVITNALIVDYTGIYKADIGIKDGKIHGIG?CAGNKDIQDGVCNRLCVGPATEALAGEGL 126 

Query: 121 IVTAGGIDTHIHFIS PQQI PTAFAS GVTTMI GGGTGPADGTNATT IT PGRANLKSMLRAA 180 

Sbjct: 127 I VTAGGI DTH I H FI S PQQI PTAFAS GI TTMLGGGTGPADGTNATT I T PGRWNLKEMLRAS 186 • 

Query: 181 EEYAMNLGFLAKGNVS 196 

E YAMNLG-H- KGNVS 
Sbjct: 187 EXYAMNLGYMGKGNVS 202 



tr Q9RGP7 Urease (Fragment) [ureB] [Helicobacter 243 AA 

Q9RGP7_HELHP hepaticus] align 

Score = 311 bits (796), Expect = le-83 

Identities = 156/243 (64%), Positives = 177/243 (72%) 

Query : 1 KE YVSMYGPTTGDRVRLGDTDLI LEVEHDCTTYGEE IKFGGGKTIRDGMSQTNSPSS YEL 60 

KEY SMY P T T G 0 + VP. LGDT -r.L E+E O T Y GE E I K V GGGKT .T. R i>GM+ Q + EL 
Sbjct : 1 KEYASMYAPTTGDKVRLGDTNLFAEIEKDYTLYGEEIKFGGGKTIRDGMAQSAXTYTNEL 60 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

D V+-TNA-MH-DYT QD V+ 4- VG ATE -!-A EG 

Sbjct: 61 DAVITNAMIIDYTGIYKADIGIKGGKIVGIGKAGNPDTQDSVNEAMWGAATEVIAGEGX 120 

Query: 121 I VTAGGI DTH I HFIS PQQI PTAFAS GVTTMI GGG.TGPADGTNATT IT PGRANLKSMLRAA 180 

H-TAGGXDTHTI-IFXS? QIPT7\ S GVTTMI GG TG?A GTNATT TPG + N* MLP.AA 
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Sbjct: 121 1 1 TAGGI DT H I H F I S PTQ I PTAX Y S GVTTMI GGXT GPAAGTNATT CT PGKWNMHQMLRAA 180 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

E YAMKLGF KGN BEL +QI+AGA+G K+IiEDWG8TFAAI+K LNVA +YDVQVA 
Sbjct: 181 E S YAMNLGF FGKGNS SNE E GLE EQI KAGALGLKVHE DWGS T PAAI NHALNVAXKYDVQVA 240 

Query: 241 IHT 243 

IHT 

Sbjct: 241 IHT 243 



tr Q9RGP6 Urease (Fragment) [ureB] [Helicobacter 243 AA 

Q9RGP6_HELHP hepaticus] align 

Score = 310 bits (793), Expect = 2e-83 

Identities = 155/243 (63%), Positives = 176/243 (71%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

KEY 3 MY G PT T GD -K f KLGDT *>•■ L EH-SS D T YGSSiKFQQGKTIRDGM+Q4- * £L 

Sbjct: 1 KE YASMYGPTTGDKVRLGDTNLFAE I EKDYTLYGEE IKFGGGKTI RDGMAQSAXTYTNEL 60 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

D V-i*TNA*I>DYT ' QD V-r- \- VG ATE <-A EG 

Sbjct: 61 DAVITNAMIIDYTGIYKADIGIKGGKIVGIGKAGNPDTQDSVNEAMWGAATEVIAGEGQ 120 

Query: 121 I VTAGGI DTH I H FI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAA 180 

T-fTAGGKTHIHFIS? Q.VPTA. S GV TTMI GGGT G PA. GTNATT T rVGH- N + MLRAA 
Sbjct: 121 IITAGGIDTHIHFISPTQIPTALYSGVTTMIGGGTGPAAGTNATTCTPGKWNMHQMLRAA 180 

Query: 181 EEYAMNLGFLAKGWSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

E YAMN GF KGN SSL +Q.T.4-AGA+G K +HK DW GST PAAI LNVA H-YDVQ A 
Sbjct: 181 ESYAMNQGFFGKGNSSNEEGLEEQIKAGALGLKVHEDWGSTPAAINHALNVAQKYDVQCA 240 . 

Query: 241 IHT 243 

HT 

Sbjct: 241 SHT 243 



tr Q9RGQ0 Urease (Fragment) [ureB] [Flexispira 243 AA 

Q9RGQ0_9HELI rappini] align 

Score = 308 bits (790), Expect = 5e-83 

Identities = 153/243 (62%), Positives = 178/243 (72%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

KEY SMYG?TTGD++RLGDT*L E+S 0 Y GE XK F GGGKT I R D GM +£>-:• S 3 SL 
Sb j ct : 1 KEYXSMYGPTTGDKIRLGDTELFAEIEKDYAIYGEEIKFGGGKTIRDGMAQSVSDSENEL 60 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 12 0 

D V + TNA-M D Y T QDGV + L VG TE -i-A EGL 

Sbjct: 61 DSVITNAVIIDYTGIYKADIGIKNGKIFGIGKAGNKDTQDGVCDKLIVGTNTEVIAGEGL 120 

Query: 121 IVTAGGI DTH I HFIS PQQI PTAFASGVTTMI GGGTGPADGTNATT IT PGRANLKSMLRAA 180 

VTAGGIDTHTH-MSP QIPTA 3 GVTTMI. GGGT G?/\ GT -J ATT T?G +++ M+RA 
Sbjct: 121 X VTAGGI DTHI H Y I S PTQI PTALYS GVTTMI GGGT GPAAGTS ATT CT PGSWHMR EMI RAT 180 
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Query: 181 EEYAMNLGFLAKGWSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

+■ YAMK GF KGN S E -M. QISH-GA*G K+H3DwGS??AAI+K LNrADi-YDVQVA 
Sbjct: 181 QH YAMN FGF FGKGNS SNENALS KQ I E S GALGLKVHE DWGS T PAAI NHALN I ADKY DVQVA 240 

Query: 241 IHT 243 

IHT 

Sbjct: 241 IHT 243 



tr Q9RGP9 Urease (Fragment) [ureB] [Flexispira 243 AA 

Q9RGP9_9HELI rappini] align 

Score = 308 bits (790), Expect = 5e-83 

Identities = 153/243 ( 62% ), Positives = 179/243 (72%) 

Query : 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

KE Y VSMY G?TT GD *M T< LGDT *KL E-MS D YG5JS+-KFGGGKTIP.DGM+Q+ S 3 EL 
Sb j ct : 1 KEYVSMYGPTTGDKIRLGDTELFAEIEKDYAI YGEEVKFGGGKTIRDGMAQSVSDSENEL 60 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

D V-i-TNA-t 1 4-DYT QDGV •:■ L VG Tlv + A &GL 

Sbjct: 61 DSVITNAVIIDYTGIYKADIGIKNGKIFGIGKAGNKDTQDGVCDKLIVGTNTEVIAGEGL 120 

Query: 121 IVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAA 180 

IVTAGGI^THHHISP Q.YPTA SGVTTMIGGGTGPA GT-KATT TPG ■++•+ M*rRA\ 
Sbjct: 121 I VTAGGI DTHI HY I S PTQI PTALY S GVTTMI GGGTGPAAGTSATTCT PGSWHMREMI RAT 180 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

-r YAMN GF KGN S £ QIS-^GA+G K+HSDW GST PAAI +K L+ AD+YDVQVA 

Sbjct: 181 QHYAMN FGF FGKGNS SNENALS KQ I E S GAL GLKVHE DWGS T PAAI NHALSXADKY DVQVA 240 

Query: 241 IHT 243 

IHT 

Sbjct: 241 IHT 243 



sp Q07397 Urease alpha subunit (EC 3.5.1.5) (Urea amidohydrolase) 569 

URE1_BACSB [ureC] AA 

[Bacillus sp. (strain TB-90) ] align 

Score = 295 bits (756), Expect = 4e-79 

Identities = 151/244 (61%), Positives = 176/244 (71%), Gaps = 3/244 (1%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYE- 59 

K+Y M+GFT GO +RL D-r-i-L D T T Y G'rE KF GGGK IRDGM Q +S E 

Sbjct : 8 KQYADMFGPTVGDAIRLADSELFIEIEKDYTTYGDEVKFGGGKVIRDGMGQHPLATSDEC 67 

Query : 60 LDLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEG 119 

■ i - DLVLTNA-r I VD YT + DGVD -i- -i-G ATS -t-AAEG 

Sbjct: 68 VDLVLTNAI I VDYTGI YKADI GIKDGMIAS I GKAGNPLLMDGVD — MVIGAATEVIAAEG 125 

Query: 120 LI VTAGGI DTHI HFISPQQ I PTAFAS GVTTMI GGGTGPADGTNATT I TPGRANLKSMLRA 179 

•KI VTAGGI D HIKFI ?QQI TA AS GVTTMI GGGTGPA GTNATT TPG ML: A 

Sbjct: 126 MIVTAGGIDAHIHFICPQQIETALAS GVTTMI GGGTGPATGTNATTCTPGPWNIHRMLQA 185 
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Query: 180 AEEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQV 239 

AES-!* +WLGFL KGW S S L++QIFJV3A+G K-: HEDWGST AAI CL VAD YPVQV 
Sbjct: 186 AEEFPINLGFLGKGNCSDEAPLKEQIEAGAVGLKLHEDWGSTAAAIDTCLKVADRYDVQV 245 

Query: 240 AIHT 243 

AIHT 

Sbjct: 246 AIHT 249 



tr Q9KG59 Urease alpha subunit (EC 3.5.1.5) [ureC] [Bacillus 571 

Q9KG59_BACHD halodurans] AA 

align 

Score = 289 bits (740), Expect = 3e-77 

Identities = 144/244 (59%), Positives = 176/244 (72%), Gaps = 2/244 (0%) 

Query: 2 EYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYE — 59 

■H- S+YGFT GD+VRL DTDL+LS-HS D T YGH-E KFGGGK +-RDGM Q+ * E 
Sbjct: 7 QHASLYGPTVGDKVRLADTDLLLEIEKDYTVYGDECKFGGGKVLRDGMGQSAVYTRDEGV 66 

Query : 60 LDLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEG 119 

LDL-:-:-TWA I-r-DYT ■+ DGV-i-i-fi VG »-TEA + A. 3G 

Sbjct: 67 LDLIITNATIIDYTGIVKADIGIKDGHIVGIGKGGNPDIMDGVESHMIVGASTEAIAGEG 126 

Query: 120 LIVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRA 179 

LTVTAGGTD RIKFI3PQQI A ASG^TTM^GGGTGPA GT ATT -TPG^ MI: A 

Sbjct: 127 LIVTAGGIDAHIHFISPQQIDVAIASGITTMLGGGTGPATGTKATTCTPGKWNIERMLEA 186 

Query: 18 0 AEE YAMNLGFLAKGWS YE PSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADE YDVQV 239 

A> H-NLGFL KGN S LR tQI&AGAJG K^HEDWG+TPATU" CL*?-VAD DVQV 
Sbjct: 187 ADAFPVNLGFLGKGNASTPAPLREQIEAGAIGLKLHEDWGTTPAAIRTCLSVADRMDVQV 246 

Query: 240 AIHT 243 

AIHT 

Sbjct: 247 AIHT 250 



tr Q8GLB5 UreB (Fragment) [Helicobacter heilmannii] 181 AA 

Q 8 GLB5_HE LHE align 

Score = 287 bits (735), Expect = le-76 

Identities = 145/181 (80%), Positives = 151/181 (83%) 

Query: 16 RLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDLVLTNALIVDYTXX 75 

P.LGDTDLI LEVE KDCTT Y GEE I KFGGCHC TI RDGM QT KS P 5 S +E LB L V +TNAL I VD Y T 
Sbjct : 1 RLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMGQTNSPSSHELDLVITNALIVDYTGI 60 

Query: 7 6 XXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLIVTAGGIDTHIHFIS 135 

•i-QDGV N LCVGP ATE ATjAAE GL I VTAGGI DTH I K F I S 
Sbjct: 61 YKADIGIKNGKIHGIGKAGNKDLQDGVCNRLCVGPATEALAAEGLIVTAGGIDTHIHFIS 120 

Query: 136 PQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAAEEYA^INLGFLAKG^A/ , 195 

PQQIPTAFASG-i-TTMIGGGTGPADGTNATTITPGR NLK MLR A-:- E F« Y AMNLG- i* I: KGNV 
Sbjct: 121 PQQIPTAFASGITTMIGGGTGPADGTNATTITPGRWNLKEMLRASEEYAMNLGYLGKGNV 180 
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Query: 196 S 196 

5 

Sbjct: 181 S 181 



tr Q5KYM1 Urease alpha subunit (Urea amidohydrolase) (EC 3.5.1.5) 569 

Q5KYM1_GE0KA [ureC] AA 

[Geobacillus kaustophilus] align 

Score = 286 bits (733), Expect = 2e-76 

Identities = 144/244 (59%), Positives = 172/244 (70%), Gaps = 3/244 (1%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYE- 59 

-S-+Y M+GPTTGD +PL DTDL ^E+^HD 7/ Y G-r'K, -r K" FGGGK IRDG^l Q + E 

Sbjct : 8 RQYADMFGPTTGDCIRIADTDLWIEIEHDYTVYGDEVKFGGGKVIRDGMGQHPLATRDEA 67 

Query : 60 LDLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEG 119 

■vDLVLTNA-r I VDYT + DGV M-i- -r<3 +AAJSG 

Sbjct: 68 VDLVLTNAVI VDYTGI YKADI GI KDGNI AAI GKAGNPLLMDGV — NIVIGASTEVIAAEG 125 

Query: 120 LIVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRA 179 

IVTAGG + D HIUFI PQQI TA +-S G-:-TTMI. GGGTGPA GTNATT TPG ML A 

Sbjct: 12 6 KIVTAGGVDAHIHFICPQQIETALSSGITTMIGGGTGPATGTNATTCTPGEWNIYRMLEA 185 

Query: 18 0 AEEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQV 239 

AS r MN-J-GFX: KGN S r -t- -:-Q+ AG A.I G K-KHEOTG+T AAI CL VADKYl'jVQV 
Sbjct: 186 AEAFPMNIGFLGKGNASAKEPIAEQVRAGAI GLKLHEDWGTTAAAI DACLRVADEYDVQV 245 

Query: 240 AIHT 243 

Sbjct: 246 AIHT 249 



tr Q8GLB4 UreB (Fragment) [Helicobacter heilmannii] 181 AA 

Q8GLB4__HELHE align 

Score = 286 bits (733), Expect = 2e-76 

Identities = 144/181 (79%), Positives = 151/181 (82%) 

Query: 17 LGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDLVLTNALIVDYTXXX 7 6 

LGDTDLI LKV&HDOTT V* G&£ i KPGGGKTIRT.vGM QTN S PS S +.£ LDLV 4-TNALI V D Y T 
Sbjct: 1 LGDTDLI LEVEHDCTTYGEE I KFGGGKTIRDGMGQTNSPSSHELDLVITNALI VDYTGI Y 60 

Que r y : 77 XXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAE GLI VTAGGI DTHI HFI S P 136 

+QDGV N L C V GPAT E ALAASi GL I VTAGGI !■•? H I H F I 3 P 
Sbjct: 61 KADIGIKNGKIHGIGKAGNKDLQDGVCNRLCVGPATEALAAEGLIVTAGGIDTHIHFISP 120 

Query: 137 QQ I PTAFAS GVTTMI GGGTG PAD GTNATT I T PGRANLKSMLRAAE E YAMNLGFLAKGNVS 196 

QQ I PT AFAS G<- T TMI GGGT G?AD GTNATT I T P GR NLK MLRA+EEYAMNLG+ L KGNVS 
Sbjct: 121 QQIPTAFASGITTMIGGGTGPADGTNATTITPGRWNLKEMLRASEEYAMNLGYLGKGNVS 18 0 

Query: 197 Y 197 

Sbjct: 181 F 181 
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tr Q62HS0 Urease, alpha subunit (EC 3,5,1.5) [ureC] [Burkholderia 568 

Q62HS0_BURMA mallei AA 

(Pseudomonas mallei) ] align 

Score = 285 bits (728), Expect = 8e-76 

Identities = 144/243 (59%), Positives = 173/243 (70%), Gaps = 2/243 (0%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

+• Y MY G PTT GDR + R L DT-MH- rFV'ri D T YG£Ivi-KFGGGK aRDGM Q-i- Prt 
Sbjct: 8 RAYAEMYGPTTGDRIRLADTELLIEVERDHTLYGEEVKFGGGKVIRDGMGQSQLPAADVA 67 

Query: 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

D V+TNA^X+OH- +Q GV + *G ATK +A £GL 

Sbjct: 68 DTVITNAVILDHWGIVKADIAIKHGRIAAI GKAGNPDIQPGV — TIAIGAATEI IAGEGL 125 

Query: 121 IVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAA 180 

IVTA-GGIDTHIHFISPQQI A AS GVTTMIGGGTGPA GTKATT TPG +-M- ML+AA 
Sbjct: 126 IVTAGGIDTHIHFISPQQIDEALASGVTTMIGGGTGPATGTNATTCTPGPWHMERMLQAA 185 

Query: 181 EEYAl^LGFLAKG^SYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

-►■ -:■ -i-NLGFL KGN S L i-QISAGAIG K+HEDwG+??AAI + CL VADH* D QVA 

Sbjct: 186 DGWPINLGFLGKGNASRPQPLVEQIEAGAI GLKLHEDWGTTPAAIDNCLTVADDTDTQVA 245 

Query: 241 IHT 243 

IHT 

Sbjct: 246 IHT 248 



tr Q63RL3 Urease alpha subunit (EC 3.5.1.5) [ureC] [Burkholderia 568 

Q63RL3_BURPS pseudomallei AA 

(Pseudomonas pseudomallei) ] align 

Score = 285 bits (728), Expect = 8e-76 

Identities = 144/243 (59%), Positives = 173/243 (70%), Gaps = 2/243 (0%) 

Query : 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

■i- Y MY G?TT GDR -i-R h DT-KL-H-EVE D T YGEE -+-KFGGGK IP.DGM Q+ F-H- 
Sbjct: 8 RAYAEMYGPTTGDRIRLADTELLIEVERDHTLYGEEVKFGGGKVIRDGMGQSQLPAADVA 67 

Query: 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

D V^TNA*l4D-i- +Q H- rG ATE +A EGL 

Sbjct: 68 DTVITNAVILDHWGIVKADIAIKHGRIAAI GKAGNPDIQPGV — TIAIGAATEI IAGEGL 125 

Query: 121 IVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAA 180 

XVThGGIDTHIHFISPQQI A AS GV TTM.I GGGTG PA. GTNATT TPG +++ ML+.AA ' 
Sbjct: 126 IVTAGGIDTHI'HFISPQQIDEALASGVTTMIGGGTGPATGTNATTCTPGPWHMERMLQAA 185 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

■:- f ->NLGi*'L KGN 3 L -i-QIEAGAIG K+KEDwG-i-TPAAI -i-CL VAD+ D QVA 

Sbjct: 186 DGWPINLGFLGKGNASRPQPLVEQIEAGAI GLKLHEDWGTTPAAIDNCLTVADDTDTQVA 245 

Query: 241 IHT 243 

IHT 
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Sbjct: 246 IHT 248 



tr Q5FB23 Urease B subunit [ureB] [ Campylobacter lari] 565 AA 

Q5FB23_CAMLA align 

Score = 285 bits (728), Expect = 8e-76 

Identities = 147/243 (60%), Positives = 172/243 (70%), Gaps = 1/243 (0%) 

Que r y : 1 KE YVSMYGPTTGDRVRLGDTDLI LEVEHDCTT YGEE I KFGGGKTI RDGMSQTNS PSS YE L 60 

K 4* Y V - :-MY G PT T: DRVRL DTOIJL VE X) T YGBS-i-KFGGGK XRDGM4-Q-:- S + 
Sbjct: 7 KDYVNMYGPTTNDRVRLADTDLILRVEKDYTLYGEEVKFGGGKNIRDGMAQSVSEGDFP- 65 

Query: 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 12 0 - 

DLVLTNA.LXVDYT +Q.DGVD +L 4- ASGL 

Sbjct: 66 DLVLTNALIVDYTGIYKADIGIKNGYIVGIGKAGNPDIQDGVDPSLIIGTNTDIIGAEGL 125 

Query: 121 I VTAGGI DTHI H FI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAA 180 

X VTAGGI DTH 1 H F I 3 P QI A SGVTTMIGGG GP+4-GTNATT T G SMLH-A 
Sbjct: 126 IVTAGGIDTHIHFISPTQIECALYSGVTTMIGGGIGPSEGTNATTCTSGAYHIHSMLKAT 185 

Query: 181 EEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 

Y MN GFL KGN S 4- *:-lH- + QI AGA G KIHSDwG+T I LN-i-ADE D+-QVA 
Sbjct: 186 QNYPMNFGFLGKGNSSNKNALKEQIIAGACGLKIHEDWGATSSVIDAS LNIADEMDIQVA 245 

Query: 241 IHT 243 

IHT 

Sbjct: 246 IHT 248 



tr Q8GLB3 UreB (Fragment) [Helicobacter heilmannii] 18 4 AA 

Q8GLB3_HELHE align 

Score = 283 bits (725), Expect = 2e-75 

Identities = 142/180 (78%), Positives = 150/180 (82%) 

Query: 21 DLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDLVLTNALIVDYTXXXXXXX 80 

DLL LEVE HDCTT YGEE I KFGGGKTI RDGM QTNS PSS 4-E LDLV + TNAL I VD Y T 
Sbjct: 3 DLILEVEHDCTTYGEEIKFGGGKTIRDGMGQTNSPSSHELDLVITNALIVDYTGIYKADI 62 

Query: 81 XXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLIVTAGGIDTHIHFISPQQIP 140 

4QDGV N L OVGP.AT E ALAAS GX: I V'TAGG I. DT H I H F I S PQQ I P 
Sbjct: 63 GIKNGKIHGIGKAGNKDLQDGVCNRLCVGPATEALAAEGLIVTAGGIDTHIHFISPQQIP 122 

Query: 141 TAFASGVTTMI GGGTGPADGTNATT I TPGRANLKSMLRAAEEYAMNLGFLAKGNVS YE PS 200 

TAFAS G-r-TTM.Y GGGTGPADGTNATT X T PGR JiLK MLRA.-:-EEYAMNLG-:-L KGNr/3-rSP* 
Sbjct: 123 TAFAS GI TTMI GGGTGPADGTNATT I T PGRWNLKEMLRASEE YAMNLGY LGKGNVS FE PA 182 



tr Q8XXT1 PROBABLE UREASE (ALPHA SUBUNIT) PROTEIN (EC 3.5.1.5) 572 

Q8XXTl_RALSO [ureC] AA 

[Ralstonia solanacearum (Pseudomonas solanacearum) ] align 
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Score = 282 bits (722), Expect = 4e-75 

Identities = 145/243 (59%), Positives = 169/243 (68%), Gaps = 2/243 (0%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

■f y M4-GPTTGORVSI. O T Y Gf.'. £ +KFGGGK IRDGM Q-r 3 

Sbjct : 8 RAYAEMFGPTTGDRVRLADTDLIVEVERDYTIYGEEVKFGGGKVIRDGMGQSQRESKDCA 67 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

D V +TNALIH-D + +Q GV + i-GP TE -i-A EG* 

Sbjct: 68 DTVITNALIIDHWGIVKADIGLKHGRIAAI GKAGNPDIQPGV — T I VI GPGTE 1 1 AGE GM 125' 

Query: 121 I VTAGGI DTHI H FI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAA 180 

IVTAGG+DTRIHITI PQQI A S GVTTMI GGGTGPA GT ATT T?G ML+AA 
Sbjct: 126 IVTAGGVDTHIHFICPQQIDEALNSGVTTMIGGGTGPATGTYATTCTPGPWHLQRMLQAA 185 

Query: 181 E E YAMNLGFLAKGNVS Y E PS LRDQ I E AGAI GFK I HE DWGS T PAAI HHC LNVADE Y DVQVA 240 

-r Y MN*r-GB v /.i KGN 3 rLR-f-QX+AGAIG K-l- H hi D w G3 T PA A I CL VAD4- V; QVA 
Sbjct: 186 DAYPMNIGFLGKGNGSLPGALREQIDAGAI GLKLHE DWGS T PAAI DCCLGVADDTDTQVA 245 

Query: 241 IHT 243 

Sbjct: 246 IHT 248 



tr Q8GLB6 UreB (Fragment) [Helicobacter heilmannii] 180 AA 

Q8GLB6_HELHE align 

Score = 282 bits (721), Expect = 5e-75 

Identities = 141/180 (78%), Positives = 150/180 (83%) 

Query: 21 DLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDLVLTNALIVDYTXXXXXXX 80 

DLILEVhlHDCTTYG^EIKFGGGKTTRDG^ QTNSPSS*l-^X:DLV-i-TNALIVDYT 
Sbjct: 1 DLILEVEHDCTTYGEEIKFGGGKTIRDGMGQTNSPSSHELDLVITNALIVDYTGIYKADI 60 

Query: 81 XXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL I VTAGGI DTHI HFIS PQQI P 140 

+QDGV N LCVG?ATEAX:AA^GIJVTAGGIDTRIHFISPQQ1P 
Sbjct: 61 GIKNGKIHGIGKAGNKDLQDGVCNRLCVGPATEALAAEGLIVTAGGI DTHI HFIS PQQI P 120 

Query: 141 TAFAS GVTTMI GGGTGPADGTNATT IT PGRANLKSMLRAAEE YAMNLGFLAKGNVS YE PS 200 

TAFAS G-rTTMI GGGTGPADGTNATT I T PGP. NLK MLRA^ESYA^LG+L *GNVS+£P* 
Sbjct: 121 TAFAS GI TTMI GGGTGPADGTNATT I T PGRWNLKEMLRAS EE YAMNLGY LGQGNVS FE PA 180 



tr Q8GLB2 UreB (Fragment) [Helicobacter heilmannii] 17 8 AA 

Q8GLB2__HELHE align 

Score = 281 bits (720), Expect = 6e-75 

Identities = 141/178 (79%), Positives = 148/178 (82%) 

Query: 16 RLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDLVLTNALIVDYTXX 75 

R LGDT D L-i* LE VE HDCTT Y GE E I KFG G GKT 1 1< D GM QTMSPSS^ELDLV-vTMALIVDYT 
Sbjct: 1 RLGDTDLVLEVEHDCTTYGEEIKFGGGKTIRDGMGQTNSPSSHELDLVITNALIVDYTGI 60 

Query: 76 XXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVG PAT EALAAEGL I VTAGGI DTHI HFIS 135 

■+QDGV M LCVGFAT EAIjAAS GTj I VTAGGI DTH I HF 1 3 
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Sbjct: 61 YKADIGIKNGKIHGIGKAGNKDLQDGVCNRLCVGPATEALAAEGLIVTAGGIDTHIHFIS 120 

Query: 136 PQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAAEEYA^INLGFLAKG 193 

PQQ 1 PTAFAS G-:-TTM I GGGT G PADGTN AT T 1 T P GR NLK MLRAr E E YAMN LGH- L KG 
Sbjct: 121 PQQIPTAFASGITTMIGGGTGPADGTNATTITPGRWNLKEMLPASEEYAMNLGYLGKG 178 



tr Q8YQZ0 Urease alpha subunit [alr3670] [Anabaena sp. (strain PCC 568 

Q8YQZ0_ANASP 7120)] AA 

align 

Score = 281 bits (718), Expect = le-74 

Identities = 144/242 (59%), Positives = 170/242 (69%), Gaps = 3/242 (1%) 

Query: 3 YVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTN-SPSSYELD 61 

Y YGPT GDR + HL Xr?+L +*VV; D TTYG-i-E-s-KFGG-GK XRDGK Q+ +• * rp 
Sbjct: 10 YAETYGPTVGDRIRLADTELFIQVEQDFTTYGDEVKFGGGKVIRDGMGQSPIANADGAVD 69 

Query : 62 LVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLI 121 

Sbjct: 70 LVI TNALI LDWWGI VKADI GI KDGKI FKI GKAGNPY I QDHVD — 1 1 1 GPGT E ALAGE GMI 127 

Query: 122 VTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAAE 181 

+TAGGIDTHIKn PQQI A ASG+TTMIGGGTGPA GTNATT TPG N-i- ML+AA-i- 
Sbjct: 128 LTAGGIDTHIHFICPQQIEVAIASGITTMIGGGTGPATGTNATTCTPGPWNMYRMLQAAD 187 

Query: 182 EYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVAI 241 

H- MNLGFL KGN 3 L +QI AGAIG K-K-IE Dw G-l-T ?7\ I CL V AD E Y D VQ V A I 

Sbjct: 188 AFPMNLGFLGKGNASQPQGLVEQIFAGAI GLKLHEDWGTTPATIDTCLTVADEYDVQVAI 247 

Query: 242 HT 243 

HI' 

Sbjct: 248 HT 249 



tr Q6I6H5 Urease beta subunit (Fragment) [ureB] [Campylobacter 454 

Q 61 6H5_CAMLA lari ] AA 

align 

Score = 280 bits (716), Expect = 2e-74 

Identities = 144/238 (60%), Positives = 169/238 (70%), Gaps = 1/238 (0%) 

Query : 6 MYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDLVLT 65 

MY G PIT DP.VP.L DTDLIL VE D T YGEE +KFGGGK IP.DGM-rQ-i- S •■• DLVLT 
Sbjct: 1 MYGPTTNDRVRLADTDLILRVEKDYTLYGEEVKFGGGKNIRDGMAQSVSEGDFP-DLVLT 59 

Query : 66 NALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLIVTAG 125 

NAL.T.VDYT -fQDGVD-i-i-L -*G + AF; GL J. VTAG 

Sbjct: 60 NALIVDYTGIYKASIGIKNGYIVGIGKAGNPDIQDGVDSSLIIGTSTDIIGAEGLIVTAG 119 

Query: 126 GIDTHIHFIS PQQI PTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAAEE YAM 185 

GIDTHXH^ISP QX k 3GVTTMIGGG G ;? + 4- GT .NAT T T G +~ SML+A ~ Y M 
Sbjct: 120 GIDTHIHFIS PTQIECALYSGVTTMIGGGIGPSEGTNATTCTSGAYHIHSMLKATQNY PM 179 

Query: 186 NLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVAIHT 243 
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!\ r GFL KGN S + -fi;-r+QT AGA G KXH^DV^G^T + 1 LN+AT.U*. D+QVAIKT 
Sbjct: 180 NFGFLGKGNSSNKNALKEQIIAGACGLKIHEDWGATSSVIDTSLNIADEMDIQVAIHT 237 



tr Q6I6I9 Urease beta subunit (Fragment) [ureB] [Campylobacter 454 

Q 6 1 6 1 9_CAMLA lar i ] AA 

align 

Score = 278 bits (712), Expect = 5e-74 

Identities = 144/238 (60%), Positives = 168/238 (70%), Gaps = 1/238 (0%) 

Query: 6 MYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDLVLT 65 

MYGPT7 DRVRL DTDLIL VE D T YGES *KFGGGK IP.DGM-i'Q i- S -i- DLVLT 
Sb j Ct : 1 MYGPTTNDRVRLADTDLI LRVEKDYTLYGEEVKFGGGKNI RDGMAQSVSEGE FP-DLVLT 59 

Query : 66 NALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLIVTAG 125 

NALIVDYT -i-QDOVD -i-L rG -KJ.'-i- + AEGLIVT.AG 

Sbjct: 60 NALIVDYTGIYKADIGIKNGYIVGIGKAGNPDIQDGVDPSLVIGTSTDIIGAEGLIVTAG 119 

Query: 126 GIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAAEEYAM 185 

GIDTKTKFISP QX A SGVTTMIGGG T G SML-i-A ■+ Y M 

Sbjct: 120 GIDTHIHFISPTQIECALYSGVTTMIGGGIGPSEGTNATTCTSGAYHIHSMLKATQNYPM 179 

Query: 186 NLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVAIHT 243 

N G* s i, KGN S AGA G K'lHSDWG-rT + I LN+AI;E D+QVAIKT 

Sbjct: 180 NFGFLGKGNSSNKNALKEQIIAGACGLKIHEDWGATSSVIDTSLNIADEMDIQVAIHT 237 



Q6I6H3 Urease beta subunit (Fragment) [ureB] [Campylobacter 454 

Q6I6H3_CAMLA lari] AA 

align 

Score = 278 bits (712), Expect = 5e-74 

Identities = 144/238 (60%), Positives = 168/238 (70%), Gaps = 1/238 (0%) 

Query: 6 MYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDLVLT 65 

MYGPTT DRVRL DTDLIL VE D ? YGES-i-KFGGGK IRDGM^Q-r- S ■>■ DLVLT 
Sbjct : 1 MYGPTTNDRVRLADTDLI LRVEKDYTLYGEEVKFGGGKNIRDGMAQSVSEGDFP- DLVLT 59 

Query : 66 NALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLIVTAG 125 

NA.T/IVDYT +-QDGVD -+L -Ky +T-* + AEGL.V.VTAG 

Sbjct: 60 NALIVDYTGIYKADIGIKNGYIVGIGKAGNPDIQDGVDPSLIIGTSTDIIGAEGLIVTAG 119 

Query: 126 GIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAAEEYAM 185 

GIDTKIKSTSP Ql A SGYTTMIGGG GP++GTNATT T G SML+A. Y X 

Sbjct: 120 GIDTHIHFISPTQIECALYSGVTTMIGGGIGPSEGTNATTCTSGAYHIHSMLKATQNYPM 179 

Query: 186 NLGFLAKGhA/'SYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVAIHT 243 

N GFL KGN S 4- -KL-H-QI AGA G KIHSDWG+T + I LN -KADE D +-QVAI HT 
Sbjct: 180 NFGFLGKGNSSNKNALKEQIIAGACGLKIHEDWGATSSVIDASLNIADEMDIQVAIHT 237 



tr Q6I6I3 Urease beta subunit (Fragment) [ureB] [Campylobacter 454 
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Q6I6I3_CAMLA lari] AA 

align 

Score = 278 bits (711), Expect = 7e-74 

Identities = 144/238 (60%), Positives = 167/238 (69%), Gaps = 1/238 (0%) 

Query: 6 MYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDLVLT 65 

Sb jet : 1 MYGPTTNDRVRLADTDLILRVEKDYTLYGEEVKFGGGKNIRDGMAQSVSEGDF-LDLVLT 59 

Query : 66 NALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLIVTAG 125 

NALIVDYT +QDS-VD + L -:G +T+ + AEGLIVTAG 

Sbjct: 60 NALIVDYTGIYKADIGIKNGYIVGIGKAGNPDIQDGVDPSLVIGTSTDIIGMGLIVTAG 119 

Query: 126 GI DTHI H FI S PQQ I PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAAEE YAM 185 

GIDTHIHTTISP QI A 3 GVTTMI GGG GP-H-GTNATT T G SML+-A Y M 

Sbjct: 120 GIDTHIHFISPTQIECALYSGVTTMIGGGIGPSEGTNATTCTSGAYHIHSMLKATHNYPM 179 

Query: 186 NLGFLAKGNVS YE PS LRDQI EAGAI GFKIHEDWGSTPAAIHHCLNVADE YDVQVAIHT 243 

N GVit KGN S ■:- +L+-4-QX AGA G KIKSDVi'G^T + I T, H-.?V0E D^-QVAXHT 
Sbjct: 180 NFGFLGKGNSSNKNALKEQITAGACGLKIHEDWGATSSVIDASLKIADEMDIQVAIHT 237 



tr Q7V3V2 Urease alpha subunit (EC 3.5.1.5) [ureC] 574 

Q7V3V2_PROMM [Prochlorococcus marinus AA 

(strain MIT 9313) ] align 

Score = 277 bits (709), Expect = le-73 

Identities = 142/242 (58%), Positives = 169/242 (69%), Gaps = 3/242 (1%) 

Query: 3 YVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTN-SPSSYELD 61 

Y YGPTTGDR-rRL DT-LILEVE D TT Y GE E -f-K H ' G GGK l'RDGM Q-h S 
Sbjct: 10 YAETYGPTTGDRIRLADTELILEVERDFTTYGEEVKFGGGKVIRDGMGQSQQSRANGAVD 69 

Query : 62 LVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLI 121 

V-i-TNALI-i-D^- •>■ DG-i-D +■ *G? TEA.+A EG I 

Sbjct : 70 TVITNALILDWWGIVKADIGLRDGRIVAI GKAGNPDITDGID — IVIGPGTEAIAGEGHI 127 

Query: 122 VTAGGI DTH I H FI S PQQ I PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAAE 181 

V'TAG ID-+H.THFX PQQI TA PS GVTTMH-GGGTGPA GTNATT TPG ML->AAS 
Sbjct: 128 VTAGAIDSHIHFICPQQIETALASGVTTMLGGGTGPATGTNATTCTPGAFHISRMLQAAE 187 

Query: 182 EYAMNLGFLAKGNVS YE PS LRDQI EAGAI GFKI HE DWGSTPAAIHHCLNVADEYDVQVAI 241 

KNLGF KGN S +L -f-Q-i- AGA G K-rRSDVi'G^TPAAI GL-i-VAD I 
Sbjct: 188 GLPMNLGFFGKGNASTAEALEEQVLAGACGLKLHEDWGTTPAAIDCCLSVADRFDVQVCI 247 

Query: 242 HT 243 

Sbjct: 248 HT 249 



tr Q6I6J1 Urease beta subunit (Fragment) [ureB] [Campylobacter 454 

Q6I6J1_CAMLA lari] AA 

align 
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Score = 277 bits (709), Expect = le-73 

Identities = 144/238 (60%), Positives = 167/238 (69%), Gaps = 1/238 (0%) 

Query: 6 MYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDLVLT 65 

Sbjct: 1 MYGPTTNDRVRLADTDLILRVEKDYTLYGEEVKFGGGKNIRDGMAQSVSEGDFP-DLVLT 59 

Query: 66 NALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLIVTAG 125 

NALIVDYT -vQDGVD -:-L *G T-i- + AEGLIVTAG 

Sbjct: 60 NALI VDYTGI YKADI GI KNGY I VGI GKAGNPDI QDGVDPSLI I GTNTDI I GAEGLIVTAG 119 

Query: 126 GI DTH I H F I S PQQ I PTAFAS GVTTMI GGGT GPADGTNATT I T PGRANLKSMLRAAE E YAM 185 

GIDTKIKFISF QT A S GVTTMI GGG GP-MGTNATT T G 4+ SML-i-A * Y M 
Sbjct: 120 GI DTH I H F I S PTQ I E CAL Y S GVTTMI GGGI GPS E GTNATTCT S GAY H I HSMLKATQN Y PM 179 

Query: 186 NLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVAIHT 243 

M GFL KGN S +■ -t-L-H-QI. AGA G KIH^DWGvT + I LN+A:DE DrQVAIHT 
Sbjct: 180 NFGFLGKGNSSNKNALKEQIIAGACGLKIHEDWGATSSVIDASLNIADEMDIQVAIHT 237 



Q6I6I5 Urease beta subunit (Fragment) [ureB] [Campylobacter 454 

Q6I6I5_CAMLA lari] AA 

align 

Score = 277 bits (708), Expect = 2e-73 

Identities = 143/238 (60%), Positives = 167/238 (70%), Gaps = 1/238 (0%) 

Query: 6 MYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDLVLT 65 

MYGPT? DRVRL DTDLIL V£ D T YGSiS-M<FGGGK IRDGM^Q-r S * DLVLT 
Sbjct : 1 MYGPTTNDRVRLADTDLILRVEKDYTLYGEEVKFGGGKNIRDGMAQSVSEGDFP-DLVLT 59 

Query: 66 NALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLIVTAG 125 

NALIVDYT 4-QDGVD + L *G +T + AEGIiIVTAG 

Sbjct: 60 NALI VDYTGI YKADI GI KNGY I VGI GKAGNPDI QDGVDPSLI I GTSTDI I GAEGLIVTAG 119 

Query: 126 GI DTH I H F I S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAAE E YAM 185 

GaDTHIHFXGP Ql A S GVTTMI GGG GP-H-GTNATT T G -r-f- SML+ -i- Y M 
Sbjct: 120 GIDTHIHFISPTQIECALYSGVTTMIGGGIGPSEGTNATTCTSGAYHIHSMLKTTQNYPM 179 

Query: 186 NLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVAIHT 243 

N GFL KGN S •:■ -*L AGA G KTKED^G^T * X LNVADE D-:-QV7\I.H? 
Sbjct: 180 NFGFLGKGNSSNKNALKEQIIAGACGLKIHEDWGATSSVIDASLNIADEMDIQVAIHT 237 



^ r Q6I6H1 Urease beta subunit (Fragment) [ureB] [Campylobacter 454 

Q6I6H1_CAMLA lari] AA 

align 

Score = 276 bits (707), Expect = 2e-73 

Identities = 142/238 (59%), Positives = 167/238 (69%), Gaps = 1/238 (0%) 

Query: 6 MYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDLVLT 65 

MYGPTT DRVRT, OTDLIL VE i) ? YG£>Vi+ KFGGGK IRDGM-rQ+ S + DLVLT 
Sbjct: 1 MYGPTTNDRVRLADTDLILRVEKDYTLYGEEVKFGGGKNIRDGMAQSVSEGDFP-DLVLT 59 
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Query : 66 NALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLIVTAG 125 

NAT.XVDYT +QDGVD rL r-G i-Tr + AEGLI+-TAG 

Sbjct: 60 NALIVDYTGIYKADIGIKNGYIVGIGKAGNPDIQDGVDPSLVIGTSTDIIGAEGLIITAG 119 

Query: 126 GI DTH I H F I S PQQ I PTAFAS GVTTMI GGGT GPADGTNATT I T PGRANLKSMLRAAE E YAM 185 

GXDTKIKFXSfr Ql A SGVTTMTGGG GP -f- + GT:\ ATT T G SKL->- ^ Y M 

Sbjct: 120 GIDTHIHFISPTQIECALYS GVTTMI GGGIGPSEGTNATTCTSGAYH I HSMLKTTQNYPM 17 9 

Query: 186 NLGFL7^GNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVAIHT 243 

i\ GFL KGN 3 + AGA G KX Hr.VDVf G -i-T + 1 LN+ADK D+QVAIKT 

Sbjct: 180 NFGFLGKGNSSNKNALKEQIIAGACGLKIHEDWGATSSVIDASLNIADEMDIQVAIHT 237 



tr Q5E728 Urease alpha subunit (EC 3.5.1.5) [VF0673] [Vibrio 567 

Q5E728_VIBF1 fischeri (strain AA 

ATCC 700601 / ES114)] align 

Score = 276 bits (707), Expect = 2e-73 

Identities = 138/241 (57%), Positives = 169/241 (69%), Gaps = 2/241 (0%) 

Query: 3 YVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDL 62 

Y 4-w-rGPTTG'D.F-i-RI: DT-r-L X.SVE D TTYGES*KC?GGOK XPDGM Q+ +S 
Sbjct : 9 YANMFGPTTGDRLRLADTELFLEVEKDFTTYGEEVKFGGGKVIRDGMGQSQWNSECVDV 68 

Query : 63 VLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALA7^GLIV 122 

V-*-TN7ALI-:-D+ -+Q VD r VGPATE +A SG Xr 

Sbjct: 69 VITNALILDHWGIVKADIGIKDGRIFGIGKAGNPDVQPNVD — IWGPATEWAGEGKI I 126 

Query: 123 TAGGIDTHIHFISPQQIPTAFAS GVTTMI GGGTGPADGTNATT I TPGRANLKSMLRAAEE 182 

TAGG4-DTHXHP'X VQQ SGVTT XGGGTGP GTNATT+TPG N+ ML A 

Sbjct: 127 TAGGVDTHIHFICPQQAEEGLTSGVTTFIGGGTGPVAGTNATTVTPGIWNMHRMLEAVDD 186 

Query: 183 YAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVAIH 242 

-r-N-:-G KG VS + LK Q I E AGA-i- G KIHSDWG+TPAAIHH-CLNVADE I3+Q+AIH 
Sbjct: 187 LPINVGLFGKGCVSKPEALREQIEAGAMGLKIHEDWGATPAAI HNCLNVADEMDIQIAIH 246 

Query: 243 T 243 

Sbjct: 247 S 247 



tr Q8DMV6 Urease alpha subunit [ureC] [ Syne cho coccus elongatus 572 AA 

Q 8 DMV 6_S YNE L ( Thermo synechococcus elongatus) ] 

align 

Score = 276 bits (705), Expect = 4e-73 

Identities = 136/242 (56%), Positives = 172/242 (70%), Gaps = 3/242 (1%) 

Query: 3 YVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSY-ELD 61 

Y YGFT GDR+-P.L DTDLI+3-H2KD T YG-i-E + KFGGGK IRDGM Q-¥ 4-r- -+D 
Sbjct: 10 YAETYGPTVGDRLRLADTDLIIEIEHDYTHYGDEVKFGGGKVIRDGMGQSPIANAEGAVD 69 

Query : 62 LVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLI 121 

*V-iTNA<* I •>••>•• Q-4-GVD •■■ <G? TSA+A EG-i-I 

Sbjct: 70 W I TNAV I LDWWGWKADV G I KD GK I Y K I GKAGN P Y T QE GVD — 1 1 IGPGTEAIAGEGMI 127 
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Query: 122 VTAGGI DTHI H FI S PQQI PTAFAS GVTTMI GGGTGRADGTNATT I T PGRANLKSMLRAAE 181 

+-TAGGXD HIHFI PQQI TA A + GVTTMI GGGTGPA GTNATT TPG N-i* MLhAAr 
Sbjct: 128 LTAGGIDAHIHFICPQQIATAIAAGITTMIGGGTGPATGTNATTCTPGPWNIYRMLQAAD 187 

Query: 182 EYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVAI 241 

+ rNLGFL KGN S L 4-Q-i-rAG +-C3 K*KSOTGSTP .AT. CLi-VAr + YD-i-QVAX 

Sbjct: 188 AFPVNLGFLGKGNSSQPQGLIEQVQAGWGLKLHEDWGSTPNAIDTCLSVAEDYDIQVAI 247 

Query: 242 HT 243 

HT 

Sbjct: 248 HT 249 



tr Q4ZN06 Urease (EC 3.5.1.5) [Psyr_4436] [ Fseudomonas syringae 566 

Q4ZN06_PSESY pv. syringae AA 

B728a] align 

Score = 275 bits (702), Expect = 8e-73 

Identities = 137/241 (56%), Positives = 170/241 (69%), Gaps = 2/241 (0%) 

Query: 3 YVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDL 62 

Y M-i-GPT GD-i-VRL DT-r-L -M5VE D T T Y GE E •: -KF GGGK IRDGK Q -H- 4-D 

Sbjct: 8 YADMFGPTVGDKVRIADTELWIEVEKDFTTYGEEVKFGGGKVIRDGMGQGQLLAAEWDT 67 

Query : 63 VLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLIV 122 

■•H-TNALI-HjH- rQ V ■+ VG AT'h< +A EG+Ir 

Sbjct: 68 LITNALIIDHWGIVKADVGIKNGRIAAIGKAGNPDIQPDV — TIAVGAATEVIAGEGMIL 125 

Query: 123 TAGGI DTHI HFIS PQQI PTAFAS GVTTMI GGGTGPADGTNATT IT PGRANLKSMLRAAE E 182 

?A.GG-:-DTHIKF7: PQQI A S GVTTMI GGGTGPA GTNATT-i-TPG MI:-*A-K- 
Sbjct: 126 TAGGVDTHIHFICPQQIEEALMS GVTTMI GGGTGPATGTNATTVTPGPWHMARMLQASDS 185 

Query: 183 YAMNLGFLAKGNVS YE PS LRDQI EAGAI GFKIHEDWGSTPAAI HHCLNVADE YDVQVAI H 242 

+ Mft-J-GF KGNVS L +Q4--KAGAIG K-*-HS DWG +T PAA.l" -hCL+VADK YDVQVAI H 

Sbjct: 18 6 FPMNIGFTGKGNVSLPGPLIEQVKAGAI GLKLHEDWGTTPAAI DNCLSVADEYDVQVAIH 245 

Query: 243 T 243 

Sbjct: 246 T 246 



tr Q9RYJ4 Urease, alpha subunit [DRA0318] [Deinococcus 568 

Q9RY J4_DEIRA radiodurans] AA 

align 

Score = 274 bits (701), Expect = le-72 

Identities = 135/246 (54%), Positives = 171/246 (68%), Gaps = 3/246 (1%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

■r+Y -KtGPT GDRV R LG DT L -ri-EVE D TTYGEE-^KFGGGK IRDG-i- Q+--M- ■■■ •+ 
Sbjct : 6 QQYADLYGPTVGDRVRLGDTELLIEVERDLTTYGEEVKFGGGKVIRDGLGQSSAATRDDA 65 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAA 117 

.0 LV<- TN AL I D Y QDGV L ••• -i-TE *A 
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Sbjct: 66 NVPDLVI TNALI LDYWGVI KADVGVKNGRI SAI GKAGNPGTQDGVT PGLT I AASTE I VAG 125 

Query: 118 E GLI VTAGGI DTH I H FI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSML 177 

EGL^-H-TAGG+DTKIHS'I+PQQ TA 3GVTTMIGGGTGP GT-rATT TPG* +■+■ ML 
Sbjct: 126 E GLVLTAGGVDTH I H FI APQQCV7TALE S GVTTMI GGGTGPTAGTSA.TTCT PGQWHI HRML 185 

Query: 178 RAAEEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDV 237 

■i- G L KGN S +■? L iCI AGArG K+-IiF;DwG+T?AAIK L > VAi-vYDV 

Sbjct: 186 ESLAGLPLNFGLLGKGNASTQPPLAEQIRAGALGLKLHEDWGTTPAAIHAALSVAEDYDV 245 

Query: 238 QVAIHT 243 

QVAIHT 
Sbjct: 246 QVAIHT 251 



tr Q87VP0 Urease, alpha subunit [ureC] [Pseudomonas syringae (pv. 566 

Q87VP0_PSESM tomato) ] AA 

align 

Score = 274 bits (701), Expect = le-72 

Identities = 137/241 (56%), Positives = 170/241 (69%), Gaps = 2/241 (0%) 

Query : 3 YVSMYGPTTGDRVRLGDTDLI LE VEHDCTTYGEE I KFGGGKTIRDGMSQTNS PSS YELDL 62 

Y M-rGPT GD-f-VRL DT-KL +EVJ3 V TT Y GE E -r-K F G G GK l'RDGM Q +•+ 4-D 
Sbjct: 8 YADMFGPTVGDKVRLADTELWIEVEKDFTTYGEEVKFGGGKVIRDGMGQGQLLAADVVDT 67 

Query: 63 VLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLIV 122 

TNALI -i-D*i- +Q V ■> VG ATS *A EGH-I.+ 

Sbjct: 68 LITNALIIDHWGIVKADVGIKNGRIAAI GKAGNPDIQPDV — T I AVGAAT E V I AGE GM I L 125 

Query: 123 TAGGI DTH I HF IS PQQI PTAFAS GVTTMI GGGTGPADGTNATT I TPGRANLKSMLRAAEE 182 

TAGG-i-DTHIHV'I PQQI . A S GVTTMI GGG'T 1 CPA GTNATT-:-TPG +■* ML-+A-M- 
Sbjct: 126 TAGGVDTH I H F I C PQQ I E E ALMS GVTTMI GGGT GPAT GTNATT VT PGPWHMARMLQAS DS 185 

Query: 183 YAMNLGFLAKGNVS YE PS LRDQ I EAGAI GFKI HEDWGST PAAI HHCLNVADE YDVQVAI H 242 

■i- KN'+GF KGNVS h +-Q-H-AGAIG K^K&D^G+TPAAI +■ C L -: - V ADE Y D VQ V A.Y H 

Sbjct: 18 6 FPMNI GFTGKGNVSLPGPLI EQVKAGAI GLKLHEDWGTTPAAI DNCLSVADE YDVQVAI H 2 45 

Query: 243 T 243 

Sbjct: 246 T 246 



sp P16122 Urease alpha subunit (EC 3.5.1.5) (Urea amidohydrolase) 567 

UREl_PROVU [ureC] AA 

[Proteus vulgaris] align 

Score = 274 bits (700), Expect = le-72 

Identities = 135/241 (56%), Positives = 166/241 (68%), Gaps = 2/241 (0%) 
Query : 3 YVSMYGPTTGDRVRLGDTDLI LEVEHDCTTYGEEIKFGGGKTIRDGMSQTNS PSS YELDL 62 
Sb jet : 9 YADMFGPTTGDRLRLADTELFLEIEQDFTTYGEEVKFGGGKVIRDGMGQSQWSAECVDV 68 
Query : 63 VLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLIV 122 
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++7:NA+J+D+ 4-Q YD * +GP T£ +A £G 1 + 

Sbjct: 69 L I TNAI 1 1 DHWGI VKADI GI KDGR I T GI GKAGN PDVQ PNVD — IVIGPGTEWAGEGKII 126 

Query: 123 TAGGI DTHI H FI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAAEE 182 

TAGG-r-DTHXHFI PQQ SGVTT IGGGTGP GTNATT -r T P G N + ML A tS 

Sbjct: 127 TAGGVDTHIHFICPQQAEEGLISGVTTFIGGGTGPVAGTNATTVTPGIWNMHRMLEAVDE 186 

Query: 183 YAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVAIH 242 

-Hi*-G KG VS ^E*QI£AGAIG K 1 HE D W G -l-T P AI if ^CLNVADE DVQVA1M 
Sbjct: 187 L P I NVGL FGKGCVS Q PE AI RE Q I E AGAI GLKI HE DWGAT PMAI HNCLNVADEMDVQVAI H 246 

Query: 243 T 243 

Sbjct: 247 S 247 



tr Q733J6 Urease alpha subunit (EC 3.5.1.5) [ureC] [Bacillus 570 

Q733J6_BACC1 cereus (strain AA 

ATCC 10987)] align 

Score = 273 bits (698), Expect = 2e-72 

Identities = 134/245 (54%), Positives = 171/245 (69%), Gaps = 4/245 (1%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYE- 59 

K+Y +JTGPTTGD +PL DT L +F. -r T: YG+K FGGGK+IRDGM Q 4- + 

Sb j ct : 8 KQYADLYGPTTGDSIRLADTQLFAHIERNATVYGDEAVFGGGKSIRDGMGQNSQLTREQG 67 

Query: 60 -LDLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAE 118 

Sbjct: 68 WD W I TNAI 1 1 DYTGI YKAD I GI KDGKI SAI GKS GNPS VMDNI D — 1 1 IGTSTEVISGE 125 

Query: 119 GLI VTAGGI DTH I H FI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLR 178 

I VT7\GG.I DTH-r H F 1 5 FQQ I TA ASG-:-TT + 1 GGGTGPA +-GT ATTITPG NL + ML 
Sbjct: 126 RKI VTAGGI DTHVHFI S PQQI DTALASGITTLI GGGTGPAEGTKATTIT PGSWNLRKMLE 185 

Query: 17 9 AMEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQ 238 

AA£ +■ -f-NLGFi: KGN S P-KL -5-Q.V AGATG KIHifiDWG-l-T +AI-S-H I: +AT^YI>+Q 
Sbjct: 186 AAEAFPINLGFLGKGNSSSLPALEEQIFAGAIGLKIHEDWGATSSAINHSLQIADKYDIQ 245 

Query: 239 VAIHT 243 

Sbjct: 246 VAIHT 250 



S P P17086 Urease alpha subunit (EC 3.5.1.5) (Urea amidohydrolase) 567 

UREl_PROMI [ureC] AA 

[Proteus mirabilis] align 

Score = 273 bits (697), Expect = 3e-72 

Identities = 137/241 (56%), Positives = 165/241 (67%), Gaps = 2/241 (0%) 

Query: 3 YVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDL 62 

Y M-rGPTTGDS -i-RL DT-f-L D TTYGJ^-KFGGGK IPDGH S+ -KD-i- 

Sbjct: 9 YADMFGPTTGDRLRLADTELFLEIEKDFTTYGEEVKFGGGKVIRDGMGQSQWSAECVDV 68 
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Query : 63 VLTNALI VDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLIV 122 

+-+-7;NAH-".T-*DVr +Q YD -:- *GP T£ *A KG IV 

Sbjct: 69 LITNAI I LDYWGI VKADI GIKDGRI VGI GKAGNPDVQPNVD — I VI GPGTEWAGEGKI V 126 

Query: 123 T AGGI DT HIHFISPQQI PTAFAS GV TTM I GGGT G PAD GTNATT I T P GRAN LKS MLRAAE E 182 

TAGGIDTHIHPI PQQ SGVTT IGGGTGP GTKATT-fTPG N-r ML A 

Sbjct: 127 TAGGI DTH I H F I C PQQAQE GLVS GVTT F I GGGT GPVAGTNATT VT PGI WNMY RMLE AVDE 186 

Query: 183 YAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVAIH 242 

KG VS AGAXG K.T. H& DV/G+T P AlH+CLN^/ADS DVQVAIH 

Sbjct: 187 LP I NVGL FGKGC VS Q PE AI REQ I TAGAI GLK I HE DWGAT PMAI HNC LNVADEMDVQVAI H 246 

Query: 243 T 243 

Sbjct: 247 S 247 



sp P73061 Urease alpha subunit (EC 3.5.1.5) (Urea amidohydrolase) 569 

URE1_SYNY3 [ureC] AA 

[Synechocystis sp. (strain PCC 6803)] align 

Score = 272 bits (696), Expect = 4e-72 

Identities = 136/242 (56%), Positives = 173/242 (71%), Gaps = 3/242 (1%) 

Query : 3 YVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTN-SPSSYELD 61 

Y GD-iVP.L DT+L D TYG-i-lvrKFGGGK .VRDGM Q+ S + -f'D 

Sbjct: 10 YAHTFGPTVGDKVRLADTELFIEVEQDYATYGDEVKFGGGKVIRDGMGQSPLSRAEGAVD 69 

Query : 62 LVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLI 121 

Sbjct: 70 WI TNAL I LDWWGI VKADVGI KNGRI Y AI GKAGNPH I QDNV — SIIIGPSTEAIAGEGMI 127 

Query: 122 VTAGGI DTH I H FI S PQQ I PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAAE 181 

+-TAG-GID M+HFI PQQI TA A3GVTT++GGGTGPA GT ATT TPG N-i- ML+AA-r 
Sbjct: 128 LTAGGIDAHVHFICPQQIETALASGVTTLVGGGTGPAAGTKATTCTPGAWNIHRMLQAAD 187 

Query: 182 EYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCL^A/'ADEYDVQVAI 241 

■i- +NLGFL KGN S -+L -J-QX^GAIG K-i* HF. D vf G-r-T PAA I VA++-YDVQVAI 
Sbjct: 188 GFPINLGFLGKGNGSQPAALAEQIKAGAI GLKLHEDWGTTPAAI DNCLGVAEDYDVQVAI 247 

Query: 242 HT 243 

HT 

Sbjct: 248 HT 249 



tr Q7U3I3 Urease alpha subunit (EC 3.5.1.5) [ureC] [ Synechococcus 569 

Q7U3I3_SYNPX sp. (strain AA 

WH8102)] align 

Score = 272 bits (696), Expect = 4e-72 

Identities = 141/242 (58%), Positives = 165/242 (67%), Gaps = 3/242 (1%) 

Query: 3 YVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSY-ELD 61 

Y YGPTTGi-iRVRL DTDLILEVE D T Y G •>?: -i-KFGGGK IROGM Q + •••? •<- -•■!> 
Sb j ct : 10 YAETYGPTTGDRVRLADTDLILEVEKDYTVYGDEVKFGGGKVIRDGMGQSQTPRTEGAVD 69 
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Query: 62 LVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLI 121 

V-:-TMM:I+-D-J- Q GV •!- VGP TEA* A EG I 

Sbjct: 70 TVITNALILDWWGIVKADVGLKDGRIVGIGKAGNPDTQQGV — TIWGPGTEAIAGEGHI 127 

Query: 122 VTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAAE 181 

^AGGIDTHTKFI PQQT TA AS GV TT +-4- GGGT G PA GTNATT TPG r r ML-:-AA'S 
Sbjct: 128 LTAGGIDTHIHFICPQQIETALASGVTTLMGGGTGPATGTNATTCTPGAFHIGRMLQAAE 187 

Query: 182 E YAMNLGFLAKGNVS YE PS LRDQI EAGAIGFKI HEDWGST PAAI HHCLNVADE YDVQVAI 241 

KGN S +L +Q* A.GA G K+K£i;WG+TPA 'i.' CL+VAa; DVQV X 
Sbjct: 188. GLPVNLGFFGKGNAST PEALEEQVRAGACGLKLHE DWGTT PAT I DACLS VADRMDVQVCI 247 

Query: 242 HT 243 

Sbjct: 248 HT 249 



tr 052305 Urease alpha subunit [ureC] [ Synechococcus sp. (strain 569 

O52305_SYNP2 PCC 7002) AA 

(Agmenellum quadruplicatum) ] align 

Score = 272 bits (696), Expect = 4e-72 

Identities = 137/244 (56%), Positives = 169/244 (69%), Gaps = 3/244 (1%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSP-SSYE 59 

•:* Y Y'GPT GDP.-HSL DT+-L L£VS D TTYGvF; +-KFGGGK IP.i;GM Q-+ P -i- 
Sbjct: 8 RAYAETYGPTVGDRLRLADTELWLEVEQDFTTYGDEVKFGGGKVIRDGMGQSAVPRADGA 67 

Query : 60 LDLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEG 119 

+-D V-i-TNALIVD-i- + QD -H) +-GP TKA-+A KG 

Sbjct: 68 VDTVITNALI VDWWGI VKADVGIKDGKI YKI GKAGNPDI QDNID — I I I GPGTEAIAGEG 125 

Query: 120 LIVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRA 179 

A-hTAGGID+H+KFI PQQI A ASG^TTKIGGGTGPA GTNATT TPG Ml: A 

Sbjct: 126 HILTAGGIDSHVHFICPQQIEVAIASGITTMIGGGTGPATGTNATTCTPGEWHISRMLEA 185 

Query: 180 AEEYAMNLGFLAKGNVS YE PS LRDQI EAGAIGFKI HEDWGST PAAI HHCLNVADE YDVQV 239 

AS -hNLC-r KGN -i- L -:-Q+ AG XG K * HE DW G ■ v T PAAI •i-CL+VAD-i-i-DVQV' 

Sbjct: 186 AE GF P I NLGFT GKGNS AK PE GL I E QVRAGV I GLKLHE DWGTT PAAI DNCLS VADQ FDVQV 245 

Query: 240 AIHT 243 - 

Sbjct: 246 AIHT 249 



tr Q6I6H7 Urease beta subunit (Fragment) [ureB] [Campylobacter 454 

Q6I6H7_CAMLA lari] AA 

align 

Score = 272 bits (695), Expect = 5e-72 

Identities = 141/238 (59%), Positives = 166/238 (69%), Gaps = 1/238 (0%) 

Query : 6 MYGPTTGDRVRLGDTDLI LEVEHDCTTYGEE I KFGGGKTI RDGMSQTNS PS S YELDLVLT 65 

MYGPTT DRVRL DTDLIL VE D T YGEE +KFGGGK IRDGMrQi- S -i- DLVLT 
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Sbjct : 1 MYGPTTNDRVRLADTDLILRVEKDYTLYGEEVKFGGGKNIRDGMAQSVSEGEFP-DLVLT 59 

Query: 66 NALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLIVTAG 125 

NALIVDYT +QDGVD ^ +T+ + AEGLIVTAG 

Sbjct: 60 NALIVDYTGIYKADIGIKNGYIVGIGKAGNPDIQDGVDPSLVIGTSTDIIGAEGLIVTAG 119 

Query: 126 GI DTHI H FI S PQQ I PTAFASGVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAAEE YAM 185 

GIDTHIHFISP QI A SGVTTMIG GF-H-GTNATT T G M- SMLM- -i- Y M 
Sbjct: 120 GIDTHIHFISPTQIECALYSGVTTMIGARIGPSEGTNATTCTSGAYHIHSMLKSTQNYPM 179 

Query: 186 NLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVAIHT 243 

N GFL KGN 3 -i- +L+-+-QX AGA G KIKSD^G^T + X LN+.ADE D-:-QV.'A.T."HT 
Sbjct: 180 NFGFLGKGNSSNKNALKEQIIAGACGLKIHEDWGATSSVIDTSLNIADEMDIQVAIHT 237 



tr Q6I6I1 Urease beta subunit (Fragment) [ureB] [Campylobacter 454 

Q6I6I1 CAMIiA lari] AA 



align 



Score = 271 bits (692), Expect = le-71 

Identities = 140/238 (58%), Positives = 165/238 (68%), Gaps = 1/238 (0%) 

Query : 6 MYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDLVLT 65 

MYGPTT DRVRL DTDLIL YE D T YGSS+KFGGGK IP.DGMH-Q+ 3 * DLVLT 
Sbjct: 1 MYGPTTNDRVRLADTDLILRVEKDYTLYGEEVKFGGGKNIRDGMAQSVSEGEFP-DLVLT 59 

Query : 66 NALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLIVTAG 125 

NALIVDYT -i-QDGVD -i-L -+G -i- AEGLIVTAG 

Sbjct: 60 NALIVDYTGI YKADI GI KNGYI VGI GKAGNPDIQDGVDPSLVI GTSTDI I GAEGLI VTAG 119 

Query: 126 GIDTH I HFISPQQI PTAFASGVTTMI GGGTGPADGTNATT IT PGRANLKSMLRAAEE YAM 185 

GIDTHIHFISP QI A SGVTTMIG GP+-+GTNATT T G +■* SML-H- i & 
Sbjct: 120 GIDTHIHFISPTQIECALYSGVTTMIGAPIGPSEGTNATTCTSGAYHIHSMLKSTHNYPM 179 

Query: 18 6 NLGFLAKGNVS YE PS LRDQI EAGAI GFKIHEDWGSTPAAI HHCLNVADE YDVQVAIHT 243 

N GFL KGM S +■ -r-L-iH-QI AGA G KIH^DWGrT + I LN+ADE T>+Q4-AIUT 
Sbjct: 180 NFGFLGKGNSSNKNALKEQIIAGACGLKIHEDWGATSSVIDTSLNIADEMDIQIAIHT 237 



tr Q6I6H9 Urease beta subunit (Fragment) [ureB] [Campylobacter 454 

Q6I6H9_CAMLA lari] AA 

align 

Score = 271 bits (692), Expect = le-71 

Identities = 140/238 (58%), Positives = 165/238 (68%), Gaps = 1/238 (0%) 

Query: 6 MYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDLVLT 65 

MYGPTT V;RVRX: DTDLIL V& X) T YGtfS^KFGGGK IROGM+Q-r- S +■ DLVLT 
Sbjct : 1 MYGPTTNDRVRLADTDLILRVEKDYTLYGEEVKFGGGKNIRDGMAQSVSEGEFP-DLVLT 59 

Query : 66 NALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLIVTAG 125 

NA.r/i.'VDVT +QDGVD +L +G +T* + AEGLIVTAG 

Sbjct: 60 N AL I VD YTGI Y KAD I GI KNGYI VGI GKAGNPDIQDGVDPSLVI GTSTDI I GAEGLI VTAG 119 

Query: 126 GI DTHI HFISPQQI PTAFASGVTTMI GGGTGPADGTNATT IT PGRANLKSMLRAAEE YAM 185 
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G 1 D r i:H x H H' I S P Qa A 3GVTTM1G G &■•*-+ GTN AT T T G Y. M. 

Sbjct: 120 GIDTHIHFISPTQIECALYSGVTTMIGAPIGPSEGTNATTCTSGAYHIHSMLKSTHNYPM 179 

Query: 186 NLGFLAKGNVS YE PSLRDQI EAGAI GFKI HEDWGSTPAAIHHCLNVADE YDVQVAIHT 243 

>; GtfL KGN S -5- AGA G + X LN+ALtt D+Q+AIKT 

Sbjct: 180 NFGFLGKGNSSNKNALKEQIIAGACGLKIHEDWGATSSVIDTSLNIADEMDIQIAIHT 237 



tr Q6FD83 Urease alpha subunit (EC 3.5.1.5) [ureC] [Acinetobacter 566 

Q6FD83_ACIAD sp. (strain AA 

ADP1)] align 

Score = 270 bits (691), Expect = le-71 

Identities = 135/243 (55%), Positives = 170/243 (69%), Gaps = 2/243 (0%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYEL 60 

-i- Y M-f-GPT GDRVKL DT + L •HvVE D TTYG£h) +KFGGGK IRDGM Qt -r- 
Sbjct: 6 RAYAEMFGPTVGDRVRLADTELFIEVEQDLTTYGEEVKFGGGKVIRDGMGQSQLLADEVA 65 

Query : 61 DLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGL 120 

D V-r-TNALIVD-:- H-Q D H- ATE <-A #G 

Sbjct: 66 DTVITNALIVDWWGIVKADVGLKNGRIWKIGKAGNPDIQP--DITIPLGAATEVIAGEGQ 123 

Query: 121 I VTAGGI DTHI H F I S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAA 180 

A+TAOGIi;TH.VH+I ?A SGVTTM+GGGTGPA. GT+ATT+TPG +MT.I+A 

Sbjct: 124 ILTAGGIDTHIHWICPQQVETALMSGVTTMVGGGTGPAAGTSATTVTPGPWHIGTMLQAI 183 

Query: 181 EEYAMNLGFLAKGNVSYE PSLRDQI EAGAI GFKIHEDWGSTPAAIHHCLNVADEYDVQVA 240 ' 

•H- MM-r-G L KGM-f-3 +B.-S-QI+AG +G KfHEDwGSTPAAI -f-CL+VAX>S-rDVQVA 

Sbjct: 184 DDLPMNIGLLGKGNLSLPDPIREQIKAGWGLKLHEDWGSTPAAI DNCLSVADEFDVQVA 243 

Query: 241 IHT 243 

IHT 

Sbjct: 244 IHT 246 



tr Q9HUU5 Urease alpha subunit [ureC] [Pseudomonas aeruginosa] 566 AA 

Q9HUU5_PSEAE 

align 

Score = 270 bits (689), Expect = 3e-71 

Identities = 136/241 (56%), Positives = 165/241 (68%), Gaps = 2/241 (0%) 

Query: 3 YVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDL 62 

V M-i-GPT GDRVRL DTDL -1-EVE D T YGEE-i-KFGGGK IRDGK Q* H* 
Sbjct: 8 YADMFGPTVGDRVRLADTDLWIEVERDFTVYGEEVKFGGGKVIRDGMGQSQLGAAQWDT 67 

Query : 63 VLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLIV 122 

V+TNALI-i-D+ *Q GV N + +G TE +-A EG+I + 

Sbjct: 68 VITNALILDHWGWKADVGLKDGRIQAI GKAGNPDIQPGV — NIAIGAGTEVIAGEGMIL 125 

Query: 123 TAGGI DTHI HFIS PQQI PTAFAS GVTTMI GGGTGPADGTNATT I TPGRANLKSMLRAAEE 182 

T AGGX DTK I K F I PQQ.T. A SGVTT^IGGGTGPA GTNATT T G .M;.:r AA.-f- 

Sbjct: 126 TAGGIDTHIHFICPQQIEEALMSGVTTMIGGGTGPAAGTNATTCTSGPWHMARMLQAADA 185 
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Query: 183 YAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVAIH 242 

M>H GF KGN S L -:-Q+ AGA7.G K-+ H£I>tfGSTPAA.I iCL VA.:- -t-O+QVAIH 

Sbjct: 186 FPMNIGFTGKGNASLPLPLEEQVLAGAI GLKLHEDWGSTPAAIDNCLEVAERHDIQVAIH 245 

Query: 243 T 243 

Sbjct: 246 T 246 



tr Q83J04 Urease, alpha subunit [ureC] [Pseudomonas putida (strain 567 

Q88J04_PSEPK KT2440) ] AA 

align 

Score = 270 bits (689), Expect = 3e-71 

Identities = 140/241 (58%), Positives = 164/241 (67%), Gaps = 2/241 (0%) 

Query: 3 YVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDL 62 

Y M+-GFT GDRVRI, DT L 4-SVE D T YGES + KFGGGK IRDGM Q H-DL 
Sbjct: 9 YADMFGPTVGDRVRLADTALWVE VE KDFT I Y GEE VKFGGGKVI RDGMGQGQMLAAEAMDL 68 

Query : 63 VLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLIV 122 

V1V7/NAL .V ■ + D **• -i-Q GV N-i- VGP TS *AAEG IV 

Sbjct: 69 VLTNALIIDHWGIVKADIGIKHGRIAVIGKAGNPDVQPGV — NVPVGPGTEVIAAEGKIV 12 6 

Query: 123 TAGGI DTH I H FI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRAAE E 182 

TAGG +-D -Hi I H F 1 PQQ-:* A SGVTT IGGGTGPA G'j/NATT T?G L ML-t-AA-f 
Sbjct: 127 TAGGVDSHIHFICPQQVDEALNSGVTTFIGGGTGPATGTNATTCTPGPWYIARMLQAADS 186 

Query: 183 YAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVAIH 242 

i; KGN S AGA+G K-r K£ D W GS T PA A.I CL VA.+S D+QVAIH 

Sbjct: 187 LPINIGLLGKGNASRPDALREQIAAGAVGLKLHEDWGSTPAAIDCCLGVAEEMDIQVAIH 246 

Query: 243 T 243 

Sbjct: 247 T 247 



tr Q7V1B6 Urease alpha subunit (EC 3.5.1.5) [ureC] 

Q7V1B6PROMP [Prochlorococcus marinus 

subsp. pastoris (strain CCMP 1378 / MED 4) ] 

Score = 268 bits (686), Expect = 6e-71 
Identities = 136/244 (55%), Positives = 167/244 (67%), Gaps = 3/244 (1%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTN-SPSSYE 59 

K Y YGPT GDRVRL DT-rLI * EV£ 0 TT Y GV:-E -:- KFGGGK IRDGM Q-'r + 
Sbjct : 8 KTYAQTYGPTKGDRVRLADTELIIEVEKDFTTYGDEVKFGGGKVIRDGMGQSQVTREDGA 67 

Query: 60 LDLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEG 119 

•i-D V + TNALIVD+- -i-QD ■+ N-i- -i-G + TE -i-A EG 

Sbjct: 68 VDTVITNALIVDWWGIVKADVGLKDGKIYEIGKAGNPDIQDNI — NIIIGSSTEVIAGEG 125 

Query: 120 LI VTAGGI DTH I H FI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRA 179 

I-i-TAG I DTH 1 1*1 F I PQQI TA AS GVTTM + GGGT GPA GTNATT TPS -H- *?-KH- 
Sbjct: 126 H I LTAGS I DTHI H F I C PQQI E T ALAS GVT TML GGGT G PAT GTNATTCT PGAFH I S RMI QS 185 



569 
AA 

align 
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Query: 180 AEEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQV 239 

A3 •■• KGW S F; M. + Q4- AGA G K+HEDWG*TF*i- J <- CLNVAD DVQV 

Sbjct: 186 AEAFPVNLGFFGKGNSSNETNLFEQVNAGACGLKLHEDWGTTPSTINSCLNVADTLDVQV 245 

Query: 240 AIHT 243 

Sbjct: 246 CIHT 249 



tr Q9L644 UreC [ureC] [Prochlorococcus marinus] 5 69 AA 

Q9L644_PROMA align 

Score = 268 bits (686), Expect = 6e-71 

Identities = 136/244 (55%), Positives = 167/244 (67%), Gaps = 3/244 (1%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTN-SPSSYE 59 

K Y YG?T GDRVRL DT*LJ-i-EVS D TTYG<-E + KFGGGK IRDGM Q + -!■ 
Sbjct : 8 KTYAQTYGPTKGDRVRLADTELIIEVEKDFTTYGDEVKFGGGKVIRDGMGQSQVTREDGA 67 

Query : 60 LDLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEG 119 

Sbjct : 68 VDTVITNALIVDWWGIVKADVGLKDGKIYEIGKAGNPDIQDNI — NIIIGSSTEVIAGEG 125 

Query: 120 LI VTAGGI DTHI H FI S PQQI PTAFAS GVTTMI GGGTGPADGTNATT I T PGRANLKSMLRA 179 

I vTAG XDTHXHFI PQQI TA ASGVT"'M-:*GGGTGPA GTNAT? TPG +•+ MH-i-+ 
Sbjct: 126 H I LTAGS I DT HIHFICPQQIE TALAS GVTTMLGGGT GPAT GTNATT CT PGAFH I S RMI QS 185 

Query: 180 AEEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLWADEYDVQV 239 

AS 4- +NLGF KGN S S -t-L -rQ+ AGA G K+HEDtfG-Krp-t- 1 + CLNVAD DVQV 
Sbjct: 186 AEAFPVNLGFFGKGNSSNETNLFEQVNAGACGLKLHEDWGTTPSTINSCLNVADTLDVQV 245 

Query: 240 AIHT 243 

Sbjct: 246 CIHT 249 



S P P77837 Urease alpha subunit (EC 3.5.1.5) (Urea amidohydrolase) 569 

URE1_BACSU [ureC] AA 

[Bacillus subtilis] align 

Score = 268 bits (685), Expect - 7e-71 

Identities = 131/245 (53%), Positives = 169/245 (68%), Gaps = 2/245 (0%) 

Query: 1 KEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYE- 59 

+ + GPTTGD++RLGDTDL D T YGZZ-r FGGGKT I RDGM Q + + 

Sbjct: 6 EEYAELFGPTTGDKIRLGDTDLWIEVEKDFTVYGEEMIFGGGKTIRDGMGQNGRITGKDG 65 

Query : 60 -LDLVLTNALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAE 118 

LDLV+TN M-+DYT -i- DGVD -i-i- H-G TF; -H- E 

Sbjct: 66 ALDLVITNWLLDYTGIVKADVGVKDGRIVGVGKSGNPDIMDGVDPHMVIGAGTEVISGE 125 

Query: 119 GLIVTAGGI DTHI HFIS PQQI PTAFAS GVTTMI GGGTGPADGTNATT I TPGRANLKSMLR 178 

G I-rTAGG^DTHIHFI PQQ-i- A 4-3GVTT + +-GGGTGPA G-i- ATT T G ML 
Sbjct: 12 6 GKI LTAGGVDT H I H F I C PQQME VALS S GVTT LLGGGT GPAT GS KATT CT S GAW YMARMLE 185 
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Query: 179 AAEEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQ 238 

AASE-r +N+GFL KGN S -i- h -►Q-i-SAGAIG K-i-HH". DVX G -*-T Pi AI C-i- V DEI D-i-Q 
Sbjct: 186 AAEEFPINVGFLGKGNASDKAPLIEQVEAGAIGLKLHEDWGTTPSAIKTCMEWDEADIQ 245 

Query: 239 VAIHT 243 

VA.VHT 

Sbjct: 246 VAIHT 250 



^ r Q6I6I8 Urease beta subunit (Fragment) [ureB] [Campylobacter 454 

Q6I6I8_CAMLA lari] AA 

align 

Score = 268 bits (685), Expect = 7e-71 

Identities = 140/238 (58%), Positives = 165/238 (68%), Gaps = 1/238 (0%) 

Query: 6 MYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIKFGGGKTIRDGMSQTNSPSSYELDLVLT 65 

MYGPTT DRVRL DTDLIL VE I> T Y GE E *i-K F G GGK S + DLVLT 

Sbjct : 1 MYGPTTNDRVRLADTDLILRVEKDYTLYGEEVKFGGGKNIRDGMAQSVSEGEFP- DLVLT 59 

Query : 66 NALIVDYTXXXXXXXXXXXXXXXXXXXXXXXXMQDGVDNNLCVGPATEALAAEGLIVTAG 125 

MALIVDYT +-Qr;-GV-i- +L -i-G *T + + AEGLIVTAG 

Sbjct: 60 NALI VDYTGI YKADI GI KNGYI VGI GKAGNPDIQDGVNPS LVI GTSTDI I GAEGLI VTAG 119 

Query: 126 GIDTHIHFISPQQIPTAFASGVTTMIGGGTGPADGTNATTITPGRANLKSMLRAAEEYAM 185 

GTDTHIKFISP Q.7. A SGVTTMIG GP-H-GTNATT T G SKL+-A -i- Y M 

Sbjct: 120 GIDTHIHFISPTQIECALYSGVTTMIGARIGPSEGTNATTCTSGAYHIHSMLKATQNYPM 179 

Query: 186 NLGFLAKGNVSYEPSLRDQIEAGAIGFKIHEDWGSTPAAIHHCLNVADEYDVQVAIHT 243 

N GS'L KGN S -i- +L+-4-QI AGA G KIKSPWG^T + I LN-i-ADE D-i-QVAI. T 
Sbjct: 180 NFGFLGKGNSSNKNALKEQIIAGACGLKIHEDWGATSSVIDTSLNIADEMDIQVAIQT 237 



Database : EXPASY /Uni Pro t KB 

Posted date: Jun 6, 2005 10:37 AM 
Number of letters in database: 640,866,274 
Number of sequences in database: 1,974,938 

Lambda K H 

0.315 0.135 0.393 



Gapped 

Lambda K H 

0.267 0.0410 0.140 



Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 

length of query: 243 

length of database: 640,866,274 

effective HSP length: 122 

effective length of query: 121 

effective length of database: 399,923,838 

effective search space: 48390784398 

effective search space used: 48390784398 
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T: 11 
A: 40 

XI: 16 ( 7.3 bits) 

X2: 38 (14.6 bits) 

X3: 64 (24.7 bits) 

Si: 42 (22.0 bits) 

S2: 72 (32.3 bits) 

Wallclock time: 28 seconds 

m ExPASy Home pa ge Site Map Search ExPASy Contact us Protepmics tools Swiss-Prot 
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lb ExPASy Home page Site Map Search ExPASy Contact us Swiss-Pro t 
Search jSwiss-Prot/TrEMBL Ijj for |urease helicobacter fej ||f] llBl! 

UniProtKB/TrEMBL 

entry Q9RGP5 im^^^mM w:w^mw\ 

[Entry info] [Name and origin] [References] [Comments] [Cross-references] [Keywords] 

[Features] [Sequence] [ Tools] 

Note: most headings are clickable, even if they don't appear as links. They link to the user manual or other documents. 
Entry information 

Entry name Q9RGP5HELFE 

Primary accession number Q9RGP5 

Secondary accession numbers None 

Entered in TrEMBL in Release 13, May 2000 

Sequence was last modified in Release 13, May 2000 

Annotations were last modified in Release 26, March 2004 

Name and origin of the protein 

Protein name Urease [Fragment] 

Synonyms None 

Gene name Name: ureB 

From Helicobacter felis [TaxID: 2 14] 

Taxonomy Bacteria; Proteobacteria; Epsilonproteobacteria; 

Campylobacterales; Helicobacteraceae; Helicobacter. 

References 

[1] NUCLEOTIDE SEQUENCE. 
STRAIN=ATCC51211; 
Weir S.C., Stock F., Gill V.J., Fischer S.H.; 
Submitted (DEC- 1998) to the EMBL/GenBank/DDBJ databases. 

Comments 
None 

Cross-references 

EMBL AF116580; AAF2 1996.1; -; [EMBL/GenBank/DDBJ] 

Genomic_DNA. [CoDingSequence] 
HSSP P14917; 1E9Y. [HSSP ENTRY / PDB] 

SMR Q9RGP5; 1-243. 

GO:00 16787; Molecular function: hydrolase activity (inferred from electronic 
annotation), 

GO:0016151; Molecular function: nickel ion binding (inferred from electronic 
annotation). 

QO GO:0009039; Molecular function: urease activity (inferred from electronic 

annotation). 

GO:0006807; Biological process: nitrogen compound metabolism (inferred from 
electronic annotation). 

QuickGo 
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InterPro 



Pfam 

PROSITE 

HOGENOM 

ProtoMap 

PRESAGE 

ModBase 

SWISS- 
2DPAGE 

UniRef 

Keywords 

None 

Features 



view. 

IPR006680; Amidohydro_l . 

IPR005848; Urease_alpha. 

IPR01 1612; Urease_alpha_N. 

Graphical view of domain structure. 

PF01979; Amidohydro_l ; 1. 

PF00449; Urease_alpha; 1. 

Pfam graphical view of domain structure. 

PS01120;UREASE_1; 1. 

[Family / Alignment / Tree] 

Q9RGP5. 

Q9RGP5. 

Q9RGP5. 

Get region on 2D PAGE. 

View cluster of proteins with at least 50% / 90% identity. 



i 



Feature table viewer 



Key 

NON_TER 
NON TER 



From 

1 

243 



To Length 

1 

243 



Description 



Sequence information 

Length: 243 AA [This is the Molecular weight: 25607 Da 
length of the partial [This is the MW of the partial 

sequence] sequence] 



CRC64: A9E2764C95B4BC62 [This is 
a checksum on the sequence] 



10 20 30. 40 50. 60 

KEYVSMYGPT TGDRVRLGDT DLILEVEHDC TTYGEEIKFG GGKTIRDGMS QTNSPSSYEL 

7 0 SO 90 100 110 12 0. 

DLVLTNALIV DYTGIYKADI GIKDGKIAGI GKAGNKDMQD GVDNNLCVGP ATEALAAEGL 

13j0 140 150 160 170 180 

IVTAGGIDTH IHFISPQQIP TAFASGVTTM IGGGTGPADG TNATTITPGR ANLKSMLRAA 

190. 200 210 220 230 240. 

EEYAMNLGFL AKGNVSYEPS LRDQIEAGAI GFKIHEDWGS TPAAIHHCLN VADEYDVQVA 



IHT 



Q9RGP5 in FASTA 
format 



View entry in original UniProtKB/TrEMBL format 

View entry in raw text format (no links) 

Request for annotation of this UniProtKB/TrEMBL entiy 
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BLAST submission on 
BLAST ExPASy/SIB 

oratNCBI(USA) 



ScanProsite, MotifScan 




m NPSA Sequence analysis 
- tools 



Sequence analysis tools: ProtParam, ProtScale, 
Compute pI/Mw, PeptideMass, PeptideCutter, 
Dotlet (Java) 




Submit a homology modeling request to SWISS- 
MODEL 



ik ExPASy Home page Site Map 
Hosted by M NHRI Mirror 



Taiwan 



sites: 



Search ExPASy Contact us Swiss-Prot 
Australia Bolivia Brazil Canada Korea Switzerland USA 



http://tw.expasy.org/uniprot/Q9RGP5 



6/9/05 



DATABASE BROWSING 



Page 1 of 2 




m 



§Get | Nucleotide sequences |||;| for j 



DATABASE BROWSING 



|j? Site search 



EBI Dbfetch 

ID AF116580 standard; genomic DNA; PRO; 732 BP. 
XX 

AC AF116580; 
XX 

SV AF116580.1 
XX 

DT 02-JAN-2000 (Rel. 62, Created) 

DT 15-APR-2005 (Rel. 83, Last updated, Version 2) 

XX 

DE Helicobacter felis strain ATCC51211 urease (ureB) gene, partial cds . 

XX 

KW 

XX 

OS Helicobacter felis 

OC Bacteria; Proteobacteria; Epsilonproteobacteria; Campyl obacte rales ; 

OC Helicobacteraceae; Helicobacter. 

XX 

RN [1] 

RP 1-732 

RA Weir S.C., Stock F. , Gill V.J., Fischer S.H.; 

RT "Helicobacter species differentiation based on DNA sequence variation in a 

RT region of the ureB gene"; 

RL Unpublished. 
XX 

RN [2] 

RP 1-732 

RA Weir S.C., Stock F. , Gill V.J., Fischer S.H.; 
RT 

RL Submitted (28-DEC-1998) to the EMBL/ GenBank/DDBJ databases. 

RL CC/CPD, NIH, 10 Center Drive, Bethesda, MD 20892, USA 



XX 

FH Key Location/Qualifiers 
FH 

FT source 1..732 

FT / db_xr e f = " taxon:214 " 

FT /mo l_type=" genomic DNA" 

FT /organism="Helicobacter felis" 

FT /strain="ATCC51211" 

FT CDS <1. .>732 

FT /codon_start=3 

FT /cib xref =" GOA: Q9RGP5 " 

FT /db xref=" HSSP:lE9Y " 

FT /db xref=" InterPro:IPR005848 " 

FT /db xref=" InterPro:IPR006680 " 

FT /db xref=" InterPro:IPR011612 " 

FT /db_xre f = " Uni P r o t / Tr EMBL : Q9RGP 5 " 

FT /transl_table=ll 

FT /gene="ureB" 

FT /product="urease" 

FT /protein id=" AAF21996 . 1" 

FT / trans 1 at ion= " KE YVSMYGPTTGDRVRLGDTDLI LEVEHDCTTYGEEI KFGGGKTI 

FT RDGMSQTNS PSSYELDLVLTNALIVDYTGI YKADIGI KDGKIAGIGKAGNKDMQDGVDN 

FT NLCVGPATEALAAEGLI VTAGGI DTHI HFISPQQI PTAFAS GVTTMI GGGTGPADGTNA 
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FT T T I T P GRANLKSMLRAAEE YAMNLGFLAKGNVS YE PS LRDQ I EAGAI GFKI HE DWGS T P 

FT AAI HHCLNVADE YDVQVAI HT " 

XX 

SQ Sequence 732 BP; 199 A; 164 C; 190 G; 178 T; 1 other; 

gaaaagaata tgtttcnatg tatggtccca ctaccgggga tcgtgttaga ctcggcgata 60 

ctgatttgat cttagaagtg gaacatgatt gcaccactta tggcgaagag atcaaatttg 120 

ggggcggaaa aactatccgt gatgggatga gtcaaaccaa tagccctagc tcttatgagt 180 

tagatttggt gctcactaac gccctcattg tggactatac gggcatttac aaagccgaca 240 

ttgggattaa ggatggcaag attgcaggca ttggcaaagc tggcaataag gacatgcaag 300 

atggcgtaga taataatctg tgcgtaggtc ctgctacaga ggctttggca gctgaaggct 360 

tgattgtaac cgctggtggc atcgatacgc atattcactt tatttctccc caacaaatcc 420 

ctactgcttt tgccagcggg gttacaacca tgattggagg aggcacagga cctgcggatg 480 

gcacgaatgc gaccaccatc actcccggac gcgctaatct aaaaagtatg ttgcgtgcag 540 

ccgaagaata tgccatgaat ctaggctttt tggctaaggg gaatgtgtct tacgaaccct 600 

ctttacgcga tcagattgaa gcaggggcga ttggttttaa aatccacgaa gactggggaa 660 

gcacacctgc agccatccac cactgcctca atgtcgccga tgagtatgat gtgcaagtcg 720 

ccatccacac eg 732 

// 
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Nucleotide 



Protein 



Straws PMC 



; iVxortorr.y 



Search ]Nuc!eotide jM for j 

Limits Preview/index History 

jGenBank j|j jail to file 



OMIM 

^1 



Clioboard 



Details 



Books 



Range: from (begin ; to jend j O Reverse complemented strand Features: fjSNP 

n coo F:mgc Omprd Osts 

□ 1: X69080 . Reports H.felis ureA and ...[gi:396160] Links 



LOCUS 

DEFINITION 

ACCESSION 

VERSION 

KEYWORDS 

SOURCE 

ORGANISM 



REFERENCE 
AUTHORS 
• TITLE 

JOURNAL 
PUBMED 
REFERENCE 
AUTHORS 
TITLE 
JOURNAL 



COMMENT 
FEATURES 

source 



gene 
CDS 



HFURE 2619 bp DNA linear BCT 18-APR-2005 

H.felis ureA and ureB genes. 

X69080 

X69080. 1 GI: 396160 
ureA gene; urease; ureB gene. 
Helicobacter felis 
Helicobacter felis 

Bacteria; Proteobacteria; Epsilonproteobacteria; Campylobacterales; 
Helicobacteraceae; Helicobacter . 

1 (bases 1 to 2619) 
Ferrero,R.L. and Labigne,A. 

Cloning, expression and sequencing of Helicobacter felis urease 
genes 

Mol. Microbiol. 9 (2), 323-333 (1993) 
8412683 

2 (bases 1 to 2619) 
Ferrero, R. L. 
Direct Submission 

Submitted ( 02-NOV-1992 ) R.L. Ferrero, Institut Pasteur, Unite des 
Enterobacteries, 28 rue du Docteur Roux, 75724 Paris Cedex 15, 
FRANCE 

Related sequence: Labigne, A., J. Bacterid . 173 : 1920-1931 (1991). 
Location/Qualif iers 
1..2619 

/organism =,l Helicobacter felis" 
/mol_type=" genomic DNA" 
/isolate="ATCC 49179" 
/db xref="taxon:214" 
43. .756 
/ gene= M ureA H 
43. .756 
/ gene="ureA" 
/EC number="3. 



5.1.5" 



/ codon_start=l 
/transl table=ll 

/product="urease alpha-6 subunit" 

/protein id=" CAA48825 . 1 " 

/db_xref="GI : 396161" 

/db_xref="GOA:Q08715" 

/ db_xr e f = " I n t e r Pr o : IPR002019_" 

/ db_xr e f = " I n t e r Pr o : IPR002026 " 

/ db_x r e f = " I n t e r P r o : IPR008223 " 

/db xref="UniProt/Swiss-Prot: Q08715 " 

/ translation="MKLTPKELDKLMLHYAGRLAEEALARGVKLNYTEAVALISGRVM 



http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val^396160 
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EKARDGNKSVADLMQEGRTWLKKENVMDGVASMIHEVGIEANFPDGTKLVTIHTPVED 

NGKLAPGEVFLKNEDITINAGKEAISLKVKNKGDRPVQVGSHFHFFEVNKLLDFDRAK 

SFCKRLDIASGTAVRFEPGEEKSVELIDIGGNKRIYGFNSLVDRQADADGKKLGLKRA 

KEKGFGSVNCGCEATKDKQ" 
gene 766.. 2475 

/gene= f, ureB" 
CDS 766.. 2475 

/gene= n ureB M 

/EC_number=" 3 .5.1.5 " 

/codon_start=l 

/transl table=ll 

/product="urease beta-6 subunit" 
/protein id= H CAA48826 . 1 " 
/db_xref="GI : 396162" 
/db_xref="GOA:Q08716" 
/db_xref ="InterPro : IPR005848 " 
/db_xref="InterPro: IPR006680 " 
/db_xref="InterPro: IPR008295 " 
/db xref="InterPro: IPR011059 n 
/db_xref="UniProt/Swiss-Prot: 208716" 

/ translation="MKKISRKEYVSMYGPTTGDRVRLGDTDLILEVEHDCTTYGEEIK 
FGGGKTIRDGMSQTNSPSSYELDLVLTNALIVDYTGIYKADIGIKDGKIAGIGKAGNK 
DMQDGVDNNLCVGPATEALAAEGLIVTAGGIDTHIHFISPQQIPTAFASGVTTMIGGG 
TGPADGTNATTITPGRANLKSMLRAAEEYAMNLGFLAKGNVSYEPSLRDQIEAGAIGF 
KIHEDWGSTPAAIHHCLNVADEYDVQVAIHTDTLNEAGCVEDTLEAIAGRTIHTFHTE 
GAGGGHAPD V I KMAGE FN I L PAS TNPT I P FTKNTE AE HMDMLMVCHHLDKS I KE DVQ F 
ADSRIRPQTIAAEDQLHDMGIFSITSSDSQAMGRVGEVITRTWQTADKNKKEFGRLKE 
E KGDNDN FR I KR Y I S KYT I NPGIAHGI S D YVGS VE VGKYADLVLWS PAF FGIKPNMI I 
KGGFIALSQMGDANASIPTPQPVYYREMFGHHGKNKFDTNITFVSQAAYKAGIKEELG 
LDRAAPPVKNCRNITKKDLKFNDVTAHIDVNPETYKVKVDGKEVTSKAADELSLAQLY 
NLF" 

ORIGIN 

1 tgatagcttg gctaccaata gaaattcaat aaggagttta ggatgaaact aacgcctaaa 
61 gaactagaca agttaatgct ccattatgcg ggcagattgg cagaagaagc gttggcgcgt. 
121 ggtgtgaaac tcaattacac cgaagcggtc gcgctcatta gcgggcgtgt gatggaaaag 
181 gcgcgtgatg gtaataaaag cgtggcggat ttgatgcaag aaggcaggac ttggcttaaa 
241 aaagaaaatg tgatggacgg cgtagcaagc atgattcatg aagtggggat tgaagctaac 
301 ttccccgatg gaaccaagct tgtaactatc cacactccgg tagaggataa tggcaaatta 
361 gcccccggcg aggtcttctt aaaaaatgag gacattacta ttaacgccgg caaagaagcc 
421 attagcttga aagtgaaaaa taaaggcgat cgtcctgtgc aggtgggatc acatttccac 
481 ttcttcgaag tgaataagct cttggacttc gatcgcgcaa aaagcttttg caaacgccta 
541 gacattgcat ctggaacagc ggtgcgcttt gaacccgggg aggaaaaaag tgtggaactc 
601 attgacatcg gcgggaataa gcgcatctat ggctttaatt ctttggtgga tcgccaagcc 
661 gatgccgatg gtaaaaaact cggcttaaaa cgcgctaaag aaaaaggttt tgggtctgta 
721 aactgcggtt gtgaagcgac taaagataaa caataaggaa aaaccatgaa aaagatttca 
781 cgaaaagaat atgtttctat gtatggtccc actaccgggg atcgtgttag actcggcgac 
841 actgatttga tcttagaagt ggagcatgat tgcaccactt atggtgaaga gatcaaattt 
901 gggggcggta aaactatccg tgatgggatg agtcaaacca atagccctag ctcttatgaa 
961 ttagatttgg tgctcactaa cgccctcatt gtggactata cgggcattta caaagccgac 
1021 attgggatta aagacggcaa gattgcaggc attggcaagg caggcaataa ggacatgcaa 
1081 gatggcgtag ataataatct ttgcgtaggt cctgctacag aggctttggc agctgagggc 
1141 ttgattgtaa ccgctggtgg catcgatacg catattcact ttatctctcc ccaacaaatc 
1201 cctactgctt ttgccagcgg ggttacaacc atgattggag gaggcacagg acctgcggat 
1261 ggcacgaatg cgaccaccat cactcccgga cgcgctaatc taaaaagtat gttgcgtgca 
1321 gccgaagaat acgccatgaa tctaggcttt ttggctaagg ggaatgtgtc ttacgaaccc 
1381 tctttacgcg atcagattga agcaggggcg attggtttta aaatccacga agactgggga 
1441 agcacacctg cagctattca ccactgcctc aatgtcgccg atgaatacga tgtgcaagtg 
1501 gctatccaca ccgataccct taacgaggcg ggctgtgtag aagacaccct agaggcgatt 
1561 gccgggcgca ccatccatac cttccacact gaaggggctg ggggtggaca cgctccagat 
1621 gttatcaaaa tggcagggga atttaacatt ctacccgcct ctactaaccc gaccattcct 



http://www.ncbi.nlm. nih.gov/entrez/viewer.fcgi?db=nucleotide&val=3961 60 
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1681 
1741 
1801 
1861 
1921 
1981 
2041 
2101 
2161 
2221 
2281 
2341 
2401 
2461 
2521 
2581 



// 



ttcaccaaaa 
aaaagtatca 
gctgaagacc 
atgggacgcg 
gagtttgggc 
atctctaaat 
gtggaagtgg 
cccaatatga 
tctattccca 
aaattcgaca 
gaactagggc 
gacctcaaat 
aaagtggatg 
tataatttgt 
ttgatttacc 
cgcgttgaaa 



acactgaagc 
aggaagatgt 
aactccatga 
taggcgaggt 
gcttgaaaga 
acaccat^caa 
gcaaatacgc 
ttattaaggg 
cccctcagcc 
ccaatatcac 
tagatcgcgc 
tcaacgatgt 
gcaaagaggt 
tctaggaggc 
tttgctagtt 
ccctcaaatc 



cgagcacatg 
gcagtttgcc 
catggggatc 
gatcacacgc 
ggaaaaaggc 
ccccgggatc 
cgacctcgtg 
cggatttatt 
cgtctattac 
tttcgtgtcc 
ggcaccgcca 
gaccgcacat 
aacctctaaa 
taaggagggg 
tataatggat 
tttaccaaaa 



gacatgttaa 
gattcgagga 
ttttctatca 
acttggcaga 
gataacgaca 
gcgcatggga 
ctttggagtc 
gcgctctctc 
cgtgaaatgt 
caagcggctt 
gtgaaaaact 
attgatgtca 
gcagcagatg 
gatagagggg 
ttaagagagg 
ggatggtaa 



tggtgtgcca 
ttcgccccca 
ccagctccga 
cagcagacaa 
acttccgcat 
tttctgacta 
cggctttctt 
aaatgggcga 
ttggacacca 
acaaggcagg 
gtcgcaatat 
accctgaaac 
aattgagcct 
gttaatttag 
ttttttttcg 



ccacttggat 
aactatcgcg 
ctctcaggct 
aaacaaaaaa 
caaacgctac 
tgtgggctct 
tggcattaag 
tgccaatgcg 
tgggaaaaac 
gatcaaagaa 
cactaaaaag 
ctataaggtg 
agcgcaactt 
aggggagtca 
tgttttatac 



Disclaimer | Write to the Help Desk 
NCBI | NLM | NIH 
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InterPro 



Pfam 

PROSITE 

HOGENOM 

ProtoMap 

PRESAGE 

ModBase 

SWISS- 
2DPAGE 

UniRef 

Keywords 

None 

Features 



view. 

IPR006680; Amidohydro_l . 
IPR005848; Urease_alpha. 
IPR011612; Urease_alpha_N. 
Graphical view of domain structure. 
PF01979; Amidohydro_l; 1. 
PF00449; Urease_alpha; 1. 
Pfam graphical view of domain structure. 

PS01120;UREASE_1; 1. 

[Family / Alignment / Tree] 

Q9RGP5. 

Q9RGP5. 

Q9RGP5. 

Get region on 2D PAGE. 

View cluster of proteins with at least 50% / 90% identity. 



Feature table viewer 



Key 

NON_TER 
NON TER 



From 

1 

243 



To Length 

1 

243 



Description 



Sequence information 

Length: 243 AA [This is the Molecular weight: 25607 Da 

length of the partial [This is the MW of the partial 

sequence] sequence] 



CRC64: A9E2764C95B4BC62 [This is 
a checksum on the sequence] 



10 20 30 40 5_0 60 

KEYVSMYGPT TGDRVRLGDT DLILEVEHDC TTYGEEIKFG GGKTIRDGMS QTNSPSSYEL 

70 8J0 90 100 110 12 0 

DLVLTNALIV DYTGIYKADI GIKDGKIAGI GKAGNKDMQD GVDNNLCVGP ATEALAAEGL 

130 14^ 150 160 170. 180, 

IVTAGGIDTH IHFISPQQIP TAFASGVTTM IGGGTGPADG TNATTITPGR ANLKSMLRAA 

190 20.0 210 220 230 240 

EEYAMNLGFL AKGNVSYEPS LRDQIEAGAI GFKIHEDWGS TPAAIHHCLN VADEYDVQVA 



iht Q9RGP5 in FASTA 

format 

View entry in original UniProtKB/TrEMBL format 

View entry in raw text format (no links) 

Request for annotation of this UniProtKB/TrEMBL entiy 
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BLAST submission on 
MAST ExPASy/SIB 

or atNCBI (USA) 



ScanProsite, MotifScan 





Sequence analysis tools: ProtParam, ProtScale, 
Compute pI/Mw, PeptideMass, PeptideCutter, 
>iM1 * a-F -' Dotlet(Java) 



Submit a homology modeling request to SWISS- 
MODEL 




m$m : NPSA Sequence analysis 
— * tools 



Ji ExPASy Home page Site Map Search ExPASy Contact us Swiss-Prot 
Hosted by Hi NHRJ Mirror 



Taiwan 



sites: 



Australia Bolivia Brazil Canada Korea Switzerland USA 



http ://tw. expasy . org/uni prot/Q9RGP 5 
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lb ExPASy Home page Site Map Search ExPASy Contact us Swiss-Prot 
Search |Swiss-Prot/TrEMBL jj|f for jurease hejicobacter d HH llllllfl 

UniProtKB/TrEMBL 

eniry v^yjvvrrs j m Ri^giN^j m» 

[Entry info] [Name and origin] [References] [Comments] [Cross-references] [Keywords] 

[Features] [Sequence] [ Tools] 

Note: most headings are clickable, even if they don't appear as links. They link to the user manual or other documents. 

Entry information 

Entry name Q9RGP5_HELFE 

Primary accession number Q9RGP5 

Secondary accession numbers None 

Entered in TrEMBL in Release 13, May 2000 

Sequence was last modified in Release 13, May 2000 

Annotations were last modified in Release 26, March 2004 

Name and origin of the protein 

Protein name Urease [Fragment] 

Synonyms None 

Gene name Name: ureB 

From Helicobacter felis [TaxID: 214] 

Taxonomy Bacteria; Proteobacteria; Epsilonproteobacteria; 

Campylobacterales; Helicobacteraceae; Helicobacter. 

References 

[1] NUCLEOTIDE SEQUENCE. 
STRAIN=ATCC51211; 
Weir S.C., Stock F., Gill V.J., Fischer S.H.; 
Submitted (DEC- 1998) to the EMBL/GenBank/DDBJ databases. 

Comments 
None 

Cross-references 

EMBL AF1 16580; AAF21996.1 ; -; [EMBL / GenBank / DDBJ] 

Genomic_DNA. [CoDingSequence] 
HSSP P14917; 1E9Y. [HSSP ENTRY /PDB] 

SMR Q9RGP5; 1-243. 

GO:0016787; Molecular function: hydrolase activity (inferred from electronic 
annotation). 

GO:0016151; Molecular function: nickel ion binding (inferred from electronic 
annotation). 

GO GO:0009039; Molecular function: urease activity (inferred from electronic 

annotation). 

GO:0006807; Biological process: nitrogen compound metabolism (inferred from 
electronic annotation). 

QuickGo 



http://tw.expasy.org/uniprot/Q9RGP5 



6/9/05 



Search History Transcript 



Page 1 of 1 



WEST Search History 

IBi^iBl 1111113 |3PP| lliili 

DATE: Thursday, June 09, 2005 

Hide? Set Name Query Hit Count 

DB=PGPB,USPT,USOC,EPAB,JPAB,DWPI,TDBD; PLUR=YES; OP=AND 

□ LI felis and urease 137 

□ L2 (felis and urease).ti,ab,clm. 29 
DB=USPT; PLUR=YES; OP=AND 

□ L3 US-6248330-Bl.did. 1 

END OF SEARCH HISTORY 
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Search Results - Record(s) 1 through 29 of 29 returned. 



□ 1. 20040138415 . 03 Mar 04. 15 Jul 04. Helicobacter proteins, nucleic acids and uses thereof. Tian, 
Jing-Hui, et al. 530/350; C07K001/00 C07K014/00 C07K017/00. 

□ 2. 20040115772 . 25 Nov 03. 17 Jun 04. Methods of inhibiting Helicobacter pylori. De Reuse, 
Hilde, etal. 435/69.1; C12Q001/68 C12P021/06. 

□ 3. 20040005325 . 13 Jul 01. 08 Jan 04. Helicobacter felis vaccine. Kusters, Johannes Gerardus, et 
al. 424/184.1; A61K039/00 A61K039/38. 

□ 4. 20030007980 . 1 8 Sep 0 1 . 09 Jan 03 . LJrease-based vaccine and treatment for helicobacter 
infection. Michetti, Pierre, et al. 424/190.1; 424/234.1 A61K039/02. 

(J 5. 20020146423 . 23 Dec 97. 10 Oct 02. PROTECTIVE HELICOBACTER ANTIGENS. 
DOIDGE, CHRISTOPHER VINCENT, etal. 424/184.1; A61K039/00 A61K039/38. 

□ 6. 20020107368 . 06 Dec 00. 08 Aug 02. Helicobacter proteins, gene sequences and uses thereof. 
Tian, Jing-Hui, et al. 530/388.4; 424/190.1 530/350 536/23.7 A61K031/70 C07H021/04 C07K001/00 
C07K014/00 C07K017/00 C07K016/00 C12P021/08. 



□ 7. 20020102269 . 22 Dec 00. 01 Aug 02. Methods of inhibiting helicobacter pylori. De Reuse, 
Hilde, etal. 424/190.1; 435/32 435/7.32 A61K039/02 G01N033/554 G01N033/569 C12Q001/18. 

□ 8. 6468545 . 20 Oct 99; 22 Oct 02. Treatment and prevention of helicobacter infection. Doidge; 
Christopher V., et al. 424/234.1; 435/252.1 435/34 435/69.1 536/23.4 536/23.5. A61K039/02. 

□ 9. 6416968 . 23 Aug 00; 09 Jul 02. Methods of inhibiting Helicobacter pylori. De Reuse; Hilde, et 
al. 435/32; 424/141.1 424/150.1 424/184.1 424/234.1 424/236.1 424/94.1 435/106 435/12 435/18 
435/252.1 435/29 435/4 435/6 435/69.1 514/230.5 514/44 530/300 530/350. C12Q001/18. 



fj 10. 6406703 . 05 Jul 00; 18 Jun 02. Treatment of H. pylori associated gastroduodenal disease. 
Doidge; Christopher Vincent, et al. 424/234.1; 424/194.1 424/203.1 424/450 424/457 424/460 424/461 
424/500 424/501 424/502 530/350. A61K039/02 A61K039/16 A61K009/64 A61K039/85 C07K001/00. 



11- 6290962 . 23 Feb 94; 1 8 Sep 01 . Urease -based vaccine and treatment for helicobacter infection. 
Michetti; Pierre, etal. 424/185.1; 424/184.1 424/192.1 424/193.1 424/197.11 424/203.1 424/234.1 
424/261.1 424/278.1 424/280.1 424/282.1 424/94.6 514/234.5 514/41. A61K039/00 A61K038/46 
A61K031/70 A61K039/385. 



O 12. 6258359 . 06 Jun 95; 10 Jul 01 . Immunogenic compositions against helicobacter infection, 
polypeptides for use in the compositions, and nucleic acid sequences encoding said polypeptides. 
Labigne; Agnes, etal. 424/141.1; 424/150.1 424/163.1 424/164.1 530/350 530/388.1 530/388.2 
530/388.4. A61K039/395 A61K039/40 C07K001/00 C07K016/00. 

□ 13. 6248330 . 02 May 95; 19 Jun 01. Immunogenic compositions against helicobacter infection, 
polypeptides for use in the compositions, and nucleic acid sequences encoding said polypeptides. 
Labigne; Agnes, et al. 424/192.1; 424/184.1 424/234.1 435/6 435/69.1. A61K039/00. 
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O 14. 6190667 . 30 Jun 98; 20 Feb 01 . Methods of inhibiting Helicobacter pylori. De Reuse; Hilde, et 
al. 424/234. 1; 424/780 435/32. A61K039/02. 

□ 15. 6005090 . 15 Aug 96; 21 Bee 99. Treatment and prevention of helicobacter infection. Doidge; 
Christopher V., etal. 536/23.5; 435/7.32. A61K039/02. 

□ 16. 5871749 . 18 Aug 95; 16 Feb 99. Therapeutic treatment of H. pylori associated gastroduodenal 
disease. Doidge; Christopher Vincent, etal. 424/234.1; 424/194.1 435/7.21. A61K039/02. 

□ 17. 5843460 . 06 Jun 95; 01 Dec 98. Immunogenic compositions against helicobacter infection, 
polypeptides for use in the compositions, and nucleic acid sequences encoding said polypeptides. 
Labigne; Agnes, et al. 424/234.1; 435/6 435/7.32 435/7.9 514/234.5 514/41. A61K039/02. 

□ 18. JP02004337170A . 02 Jun 04. 02 Dec 04. IMMUNOGENIC COMPOSITIONS AGAINST 
HELICOBACTER INFECTION, POLYPEPTIDES FOR USE IN THE COMPOSITIONS AND 
NUCLEIC ACID SEQUENCES ENCODING SAID POLYPEPTIDES. LABIGNE, AGNES, et al. 
C12N015/09; A61K038/00 A61K039/00 A61K039/39 A61K039/395 A61P001/04 A61P035/00 
A61P037/02 C07K014/205 C07K016/12 C07K016/40 C12N001/15 C12N001/19 C12N001/21 
C12N005/10 C12N009/80 C12Q001/68 C12P021/08. 

□ 19. JP02002355054A . 16 Jul 0 1 . 1 0 Dec 02. HELICOBACTER FELIS VACCINE. KUSTERS, 
JOHANNES GERARDUS, et al. C12N015/09; A61K038/00 A61K039/106 A61K039/1 18 A61K039/12 
A61K039/175 A61K039/23 A61K039/235 A61K039/39 A61K039/395 A61P001/04 A61P031/04 
C12N001/15 C12N001/19 C12N001/21 C12N005/10 C12N009/80 C12Q001/68 G01N033/15 
G01N033/50 G01N033/53 G01N033/566 G01N033/569. 



□ 20. EP001176192A2 . 1 1 Jul 01. 30 Jan 02. Helicobacter fdis vaccine. KUSTERS, JOHANNES 
GERARDUS, et al. C12N009/80; C07K014/205 C07K016/12 C12Q001/68 A61K039/106 A61K048/00 
G01N033/53 G01N033/68. 



O 21 . WO009634624A1 . 02 May 96. 07 Nov 96. IMMUNOGENIC COMPOSITIONS AGAINST 
HELICOBACTER INFECTION, POLYPEPTIDES FOR USE IN THE COMPOSITIONS, AND 
NUCLEIC ACID SEQUENCES ENCODING SAID POLYPEPTIDES. LABIGNE, AGNES, et al. 
A61K039/106; C07K016/12 A61K039/40. 



n 22. WO009514093A1 . 19 Nov 93. 26 May 95. IMMUNOGENIC COMPOSITIONS AGAINST 
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TREATMENT OF if. PYLORI ASSOCIATED 
GASTRODUODENAL DISEASE 

This application is a continuation of application Scr. No. 
09/182,062, filed Oct. 29, 1998, now U.S. Pat. No. 6,129, 5 
923 which is a continuation of application Ser. No. 08/464, 
854 filed Aug. 18, 1995, now U.S. Pat. No. 5,871,749, which 
is a national stage of PCT/AU94/00416 FILED Jul. 25, 
1994. 

10 

FIELD OF THE INVENTION 

This invention relates to the treatment of gastro duodenal 
disease associated with Helicobacter pylori infection and in 
particular it relates to the use of active immunisation as a 
treatment for H. pylori — associated gastroduodenal disease. 15 

BACKGROUND OF THE INVENTION 

The bacterium, Helicobacter pylori, is now well estab- 
lished as a major gastroduodenal pathogen, and more than 
50% of the world population is infected with this organism 
which causes gastritis of varying severity. While no symp- 
toms are apparent in a great proportion of infected persons, 
in a significant number of H. pylori infected persons overt 
disease may result. The majority (95%) of duodenal ulcers ^ 
are associated with H. pylori infection; a causal role is 
shown by treatment studies which indicate that if the organ- 
isms can be eradicated at the time of ulcer healing then the 
ulcers do not recur — in contrast to 80% recurrence rate at 
one year in those who remain infected with the organisms. 3Q 
Furthermore, up to 80% of gastric ulcers are thought to be 
H pylori associated (Blaser, 1992). 

There is now increasing evidence of the harmful conse- 
quence of long term H. pylori infection. In countries such as 
China, Colombia and Japan the bacterium is picked up very 35 
early in life, and in these persons the gastritis slowly 
progresses until after 30-40 years of continual infection, 
severe gastric atrophy appears. Gastric atrophy is well 
documented as being the precursor lesion for gastric cancer, 
although the actual cancer that develops in an atrophied 40 
stomach is dependent on a myriad of other factors including 
diet. However, all the evidence to date would suggest that 
the cancer would not develop if it was possible to remove the 
H. pylori infection at an early age before the atrophy had 
developed (Parsonnet et al., 1991). 4S 

There is no laboratory animal model ofH. pylori infection 
that can be used for large scale assessment of new anti-//. 
pylori therapies. However, a Helicobacter felis mouse model 
of gastric Helicobacter infection has been developed that has 
proved extremely useful in the screening of the potential of so 
new antimicrobial therapeutic regimens. H felis is a spiral 
shaped bacterium that is very closely related to H. pylori. 
This bacterium colonises the stomach of mice in a very 
similar way to H. pylori in the human, i.e. the main eco- 
logical niche is gastric mucus and the localisation of colo- 55 
nisation is antral dominant. In germfree mice, H. felis 
infection induces a gastritis that is very similar to the human 
H. pylori infection with a chronic inflammation accompa- 
nied by polymorphonuclear leucocyte infiltration. Infection 
with each organism results in the induction of a similar 60 
raised immune response against H. pylori and H. felis 
respectively (Lee et al., 1990). 

The H felis mouse model has proved to be very predictive 
of the efficacy of anti-//. pylori agents in humans. Thus, 
monotherapy with agents with high in vitro activity such as 65 
erythromycin show no significant in vivo effect against H. 
felis in mice, just as erythromycin has no anti-//. pylori 
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effect in humans despite high antimicrobial effects in vitro. 
In contrast, the triple therapy regimens of a bismuth 
compound, metronidazole, and tetracycline or amoxycillin 
lead to a very high eradication rate in H felis infected mice 
(Dick-Hegedus and Lee, 1991). Such triple therapies are the 
most successful human anti-//. pylori regimens, and at the 
present time are recommended as the first choice for anti-//. 
pylori therapy. However, established Helicobacter infections 
are difficult to treat, and current chemotherapeutic regimens 
remain suboptimal due to problems with efficacy, toxicity, 
drug resistance and reinfection (O'Connor, 1992). 

Active immunisation of already infected patients has not 
been proven efficacious for any clinically manifest human 
infectious disease (Burke, 1992). Given that H. pylori infec- 
tions persist for long periods, if not the life of the infected 
individual, despite the presence of a vigorous immune 
response that includes a high level of circulating IgG anti- 
body in the serum and the demonstration of local specific 
IgA antibody in the gastric mucosa, it has been considered 
that active immunisation was unlikely to be effective in 
therapy (Goodwin, 1993). Indeed, Czinn et al. (1993) in 
proposing that oral vaccination may be a feasible approach 
for the prevention of//, pylori infection in humans (based on 
an evaluation of an oral immunisation protocol in the H. felis 
mouse model), suggested that once infection is established 
neither antibody nor antibiotics are very effective at eradi- 
cation. 

Varga et al. (1992) have reported that a H. pylori vaccine 
prepared from organisms derived from a patient, and 
injected parenterally into that patient, resulted in an allergic 
reaction and failure to eradicate the organism. 

Surprisingly, it has now been discovered for the first time 
that there is indeed a therapeutic potential for active immu- 
nisation against gastric Helicobacter infection. Furthermore, 
it has been discovered that oral administration of H. pylori 
antigen, with a suitable mucosal adjuvant, does not result in 
allergic or hypersensitivity symptoms, but results in sup- 
pression or eradication of the infecting organisms from the 
gastric mucosa. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention, there is 
provided a method for the treatment" of Helicobacter infec- 
tion in a mammalian host, which comprises the oral admin- 
istration to said infected host of an immunologically effec- 
tive amount of one or more Helicobacter antigen(s), 
optionally in association with a mucosal adjuvant. 

In another aspect, there is provided a vaccine composition 
for the treatment of Helicobacter infection in a mammalian 
host, which comprises an immunologically effective amount 
of one or more Helicobacter antigen(s), optionally in asso- 
ciation with a mucosal adjuvant. 

In yet another aspect, the present invention provides the 
use of a vaccine composition comprising an immunologi- 
cally effective amount of one or more Helicobacter antigen 
(s), optionally in association with a mucosal adjuvant, in the 
treatment of Helicobacter infection in a mammalian host. 

Throughout this specification and the claims which 
follow, unless the context requires otherwise, the word 
"comprise", or variations such as "comprises" or 
"comprising", will be understood to imply the inclusion of 
a stated integer or group of integers but not the exclusion of 
any other integer or group of integers. 

By use of the term "immunologically effective amount" 
herein, it is meant that the administration of that amount to 
an individual infected host, either in a single dose or as part 
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of a scries, is effective for treatment of Helicobacter infec- 
tion. This amount varies depending upon the health and 
physical condition of the individual to be treated, the taxo- 
nomic group of individual to be treated, the capacity of the 
individual's immune system to synthesise antibodies, the 5 
degree of protection desired, the formulation of the vaccine, 
the assessment of the medical situation, and other relevant 
factors. It is expected that the amount will all in a relatively 
broad range that can be determined through routine trials. 

10 

DETAILED DESCRIPTION OF THE 
INVENTION 

The Helicobacter antigen(s) used in accordance with the 
present invention may be H. felis antigen(s), or more pref- 
erably H. pylori antigen(s). In a particularly preferred aspect 15 
of the present invention, a vaccine composition comprising 
H. pylori antigen(s) in association with a mucosal adjuvant 
is used the treatment of H. pylori infection in a human 
patient. 

Preferably, the Helicobacter antigen(s) comprise a bacte- 20 
rial sonicate, and in particular a H. pylori sonicate. More 
preferably, the Helicobacter antigen(s) used in accordance 
with the present invention comprise inactivated whole bac- 
terial cells of H. pylori 

25 

Alternatively, the Helicobacter antigen(s) used in accor- 
dance with the present invention may comprise one or more 
individual antigens, particularly one or more H. pylori 
antigens such as H. pylori urease, or H, pylori cytotoxin 
(CI), Cytotoxin Associated Immunodominant (CAI) anti- 3Q 
gen or heat shock protein (hsp) as disclosed by way of 
example in International Patent Publication No. WO 
93/18150. 

One mucosal adjuvant which is optionally, and preferably, 
administered with the Helicobacter antigen(s) to the infected 3S 
host is cholera toxin. Another preferred mucosal adjuvant 
which may be administered with the Helicobacter antigen(s) 
is E. coli heat labile toxin (E. coli HLT). Mucosal adjuvants 
other than cholera toxin and E. coli HLT which may be used 
in accordance with the present invention include non-toxic 40 
derivatives of cholera toxin, such as the B sub-unit (CTB), 
chemically modified cholera toxin, or related proteins pro- 
duced by modification of the cholera toxin amino acid 
sequence. Each of these molecules with mucosal adjuvant or 
delivery properties may be added to, or conjugated with, the 45 
Helicobacter antigen(s). Other compounds with mucosal 
adjuvant or delivery activity may be used, such as: bile; 
polycations such as DEAE-dextran and polyornithine; deter- 
gents such as sodium dodecyl benzene sulphate; lipid- 
conjugated materials; antibiotics such as streptomycin; vita- 50 
min A; and other compounds that alter the structural or 
functional integrity of mucosal surfaces. Other mucosally 
active compounds include derivatives of microbial struc- 
tures such as MDP; acridine and cimetidine. 

Helicobacter antigen(s) may be delivered in accordance 55 
with this invention in ISCOMS (immune stimulating 
complexes), ISCOMS containing CTB, liposomes or encap- 
sulated in compounds such as acrylates or poly(DL-lactide- 
co-glycoside) to form microspheres of a size suited to 
adsorption by M cells. Alternatively, micro or nanoparticles 60 
may be covalently attached to molecules such as vitamin 
B12 which have specific gut receptors. Antigen(s) may also 
be incorporated into oily emulsions and delivered orally. Ail 
extensive though not exhaustive list of adjuvants can be 
found in Cox and Coulter, 1992. 65 

Other adjuvants, as well as conventional pharmaceutically 
acceptable carriers, excipients, buffers or diluents, may also 
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be included in the therapeutic vaccine composition of this 
invention. The vaccine composition may, for example, be 
formulated in enteric coated gelatine capsules including 
sodium bicarbonate buffers together with the Helicobacter 
antigen(s) and mucosal adjuvant. 

Generally, a vaccine composition in accordance with the 
present invention will comprise an immunologically effec- 
tive amount of Helicobacter antigen(s), and optionally a 
mucosal adjuvant, in conjunction with one or more conven- 
tional pharmaceutically acceptable carriers and/or diluents. 
As used herein "pharmaceutically acceptable carriers and/or 
diluents" include any and all solvents, dispersion media, 
aqueous solutions, coatings, antibacterial and antifungal 
agents, isotonic and absorption delaying agents and the like. 
The use of such media and agents for pharmaceutical active 
substances is well known in the art and is described by way 
of example in Remington's Pharmaceutical Sciences, 18th 
Edition, 1990, Mack Publishing Company, Pennsylvania, 
U.S.A.. 

The pharmaceutical composition of this invention may be 
orally administered directly to the mammalian host, for 
example, with an inert diluent or with an assimilable edible 
carrier, or it may be enclosed in hard or soft shell gelatine 
capsule, or it may be compressed into tablets, or it may be 
incorporated directly with the solid or liquid food of the diet. 
For oral therapeutic administration, the active compound 
may be incorporated with excipients and used in the form of 
ingestible tablets, buccal tablets, troches, capsules, elixirs, 
suspensions, syrups, wafers, and the like. The percentage of 
active component in the compositions and preparations may 
of course be varied and is such that a suitable dosage will be 
obtained to be immunologically effective. 

Solid oral dosage units such as tablets, troches, pills, 
capsules and the like may also contain the following: a 
binder such as gum tragacanth, acacia, corn starch or gelatin; 
excipients such as dicalcium phosphate; a disintegrating 
agent such as corn starch, potato starch, alginic acid and the 
like; a lubricant such as magnesium stearate; and a sweet- 
ening agent such as sucrose, lactose or saccharin may be 
added or a flavouring agent such as peppermint, oil of 
wintergreen, or cherry flavouring. When tie dosage unit 
form is a capsule, it may contain, in addition to materials of 
the above type, a liquid carrier. Various other materials may 
be present as coatings or to otherwise modify the physical 
form of the dosage unit. For instance, tablets, pills or 
capsules may be coated with shellac, sugar or both. A syrup 
or elixir may contain the active component, sucrose as a 
sweetening agent, methyl and prophylparabens as 
preservatives, a dye and flavouring such as cherry or orange 
flavour. Of course, any material used in preparing any 
dosage unit form should be pharmaceutically pure and 
substantially non-toxic in the amounts employed. 

The vaccine composition of the invention is administered 
orally in amounts readily determined by persons of ordinary 
skill in this art. Thus, for adults a suitable dosage would be 
in the range of 10 //g to 10 g, for example 50 ^g to 3 g. 
Similar dosage ranges would be applicable for children. 

As noted above, a suitable mucosal adjuvant is cholera 
toxin. The amount of mucosal adjuvant employed depends 
on the type of mucosal adjuvant used. For example, when 
the mucosal adjuvant is cholera toxin, it is suitably used in 
an amount of 10 nanogram to 50 /*g, for example 01 ju% to 
10 ^g. When the mucosal adjuvant is E. coli heat labile 
toxin, suitable amounts are 1 fig to 1 mg, for example 5 /*g 
to 50 jug. . 

In work leading to the present invention, active immuni- 
sation of mice previously infected with H. felis , with oral 
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doses of cholera toxin or E. coli HLT adjuvant and a whole 
cell H. fells or H. pylori sonicate, result in the clearance of 
H. felis from the gastric mucosa. It is therefore anticipated 
that active immunisation of infected humans with oral doses 
of a mucosal adjuvant with H, pylori antigen(s) will result in 
the clearance of H pylori from the gastric mucosa. Based on 
previous studies with this model using anti-//. pylori agents, 
it is considered that this is the first evidence of the thera- 
peutic potential of active immunisation with H. pylori 
vaccines, and indicates that a vaccine composition for the 
therapy of human H pylori — associated gastroduodenal 
disease is a preparation of Helicobacter antigen(s), option- 
ally and preferably combined with a mucosal adjuvant. 

It will be apparent to persons skilled in the field that 
effective treatment of Helicobacter pylori infection in 
humans with an oral vaccine composition of Helicobacter 
antigen(s) which will eradicate or suppress the infection will 
provide a significant therapeutic benefit via the suppression 
or elimination of gastritis, prevention of peptic ulcer relapse 
and reduction in the harmful sequelae of Helicobacter pylori 
infection including peptic ulceration and gastric cancer. 

The present invention is further illustrated in the 
following, non-limiting Examples. 

EXAMPLE 1 

One hundred and sixty female SPF mice from the Animal 
Breeding Unit of the University of New South Wales, 
Australia, were infected with four oral doses of 10 9 -10 lt} 
living Helicobacter felis (ATCC culture 49179) given two 
days apart. 

Bacteria were grown in plastic Petri dishes on Blood Agar 
Base No. 2, 3.8% w/v (Oxoid, Basingstoke, U.K.) with 1% 
v/v whole horse blood (Oxoid), containing amphotericin B 
(Fungizone, Squibb, Princeton, N.J., USA) 2.5 mg/1; trime- 
thoprim (Sigma, St.Louis, Mo., USA), 10 mg/1. Plates were 
incubated in a microaerophilic humid atmosphere (Oxoid, 
BRE56) at 37° C. for 48 hours. 

Sonicates were prepared by growth of the organisms, as 
described above, followed by harvesting of the organisms in 
0.1 molar phosphate buffered saline (PBS). The cells were 
washed, collected by centrifugation, washed once in PBS, 
and resuspended in fresh PBS. The cells were then sonicated 
at the rate of one minute per ml of cell suspension (50% duty 
cycle) using a B-30 Branson Cell Disrupter. The sonicate 
was stored at -20° C 

On days 28, 42, 44 and 47 after administration of the last 
infecting dose of H. felis , 20 of the mice were given orally 
0.2 ml of a suspension containing 10 fig of cholera toxin 
(Sigma C 3012) and a sonicate of H. felis containing 1 mg 
protein (BIO-RAD DC protein assay). 

Samples of antral mucosa were tested for infection using 
a rapid microtitre urease test as described previously (Lee et 
al., 1990). This test has been validated as being highly 
predictive of H. felis gastric infection. Groups of 40 mice (20 
vaccinates and 20 controls) were euthanased at intervals of 
1 week, 1 month, 2 months and 3 months after the last dose 
of vaccine. 

The results are shown in Table 1 . 

These results show that treatment olH. felis infected mice 
with an oral vaccine comprised of Helicobacter antigens and 
a mucosal adjuvant, results in cure of the infection in a 
significant proportion of mice. This effect is evident 1 week 
after cessation of therapy, and continues for at least 3 
months, demonstrating that the mice have been cured of 
their infection. 



TABLE 1 



Proportion of H. felis infected mice 



Immunisation 



1 week 



1 month 



2 months 3 months • 



Nil 

Sonicate plus CT 



19/19 
2/20 

P < 0.0001* 



20/20 
3/20 

P < 0.0001 



18/19 
6/20 

P < 0.05 



13/19 
1/17 

P < 0.0001 



10 * Fisher's exact test (two tailed). 

EXAMPLE 2 

One hundred female BALB/c mice from the Animal 
Breeding Unit of the University of New South Wales, 
is Australia, were infected with 3 oral doses of 10 8 living 
Helicobacter felis (ATCC culture 49179) given 2 days apart, 
i.e. days 1, 3 and 5. 

Bacteria were grown in plastic Petri dishes on Blood Agar 
Base No. 2, 3,8% w/v (Oxoid, Basingstoke, U.K.) with 7% 
v/v whole horse blood), (Oxoid), containing amphotericin B 
(Fungizone, Squibb, Princeton, NJ., USA) 2.5 mg/1; trime- 
thoprim (Sigma, St.Louis, Mo., USA), 10 mg/1. Plates were 
incubated in a microaerophilic humid atmosphere (Oxoid, 
BR56) at 37° C. for 48 hours. 

Sonicates were prepared by growth of the organisms, as 
described above, followed by harvesting of the organisms in 
0.1 molar phosphate buffered saline (PBS). The cells were 
washed collected by centrifugation, washed once in PBS, 
and resuspended in fresh PBS. The cells were then sonicated 
at the rate of one per minute per ml of cell suspension (50% 
duty cycle) using a B-30 Branson Cell Disrupter. The 
sonicate was stored at -20° C. 

On days 21, 35, 37, and 40 after administration of the last 
infecting dose of//, felis, 20 mice were each given orally 0.2 
ml of a solution containing 10 ug of cholera toxin (Sigma C 
3012), 20 mice were each given orally 0.2 ml of a suspen- 
sion containing 10 ug of cholera toxin and a sonicate of H. 
felis containing 1 mg protein (BIO-RAD DC protein assay), 
20 mice were each given orally 0,2 ml of a suspension 
containing a sonicate of H. felis containing 1 mg protein, 20 
mice were each given orally 0.2 ml of a suspension con- 
taining 10 ug of cholera toxin and a sonicate of H. pylori 
(strain 921023) containing 1 mg protein, and 20 mice were 
not orally vaccinated. 

One week after the final immunising dose all the mice 
were euthanased. Samples of antral mucosa were tested for 
infection using a rapid microtitre urease test as described 
previously (Lee et al., 1990). This test has been validated as 
being highly predictive of H. felis gastric infection. 
The results are shown in Table 2. 

These results show that oral administration of Helico- 
50 bacter antigens derived from either H. felis , or H. pylori 
along with a mucosal adjuvant, will cure a significant 
portion of H. felis infected mice. 



20 



25 



30 



35 



45 



TABLE 2 



55 



60 



Vaccine 


Number of 
animals infected 


Significance 


Nil 


16/20 




CT alone 


15/20 


N.S. 


H. felis sonicate alone 


12/20 


N.S. 


H, felis sonicate plus CT 


8/19 


P < 0.05- 


H. pylori sonicate plus CT 


4/20 


P < 0.001 



*FLsher's exact test (two tailed) 
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EXAMPLE 3 

One hundred female SPF mice from the Animal Breeding 
Unit of the University of New South Wales, Australia, were 
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TABLE 3 





Proportion of H. felis 


Treatment Group 


infected mice 


Uninfected, unvaccinated 


0/20 


Infected, unvaccinated 


40/40 


Infected, Hp antigen alone 


20/20 


Infected, E. coli HLT alone 


20/20 


Infected, Hp antigen & HLT 


6/19" 



*P < 0.0001 (Fisher's exact test, two tailed). 
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infected with 4 oral doses of lO^-lO 10 living Helicobacter 
felis (ATCC culture 49179) given 2 days apart. 20 female 
SPF mice were left uninfected, as negative controls. 

Bacteria were grown in plastic Petri dishes on Blood Agar 
Base No. 2, 3.8% w/v (Oxoid, Basingstoke, UK) with 7% 
v/v whole horse blood (Oxoid), containing amphotericin B 
(Fungizone, Squibb, Princeton, N J., USA) 2.5 mg/1; trime- 
thoprim (Sigma, St.Louis, Mo., USA), 10 mg/1. Plates were 
incubated in a micro aerophilic humid atmosphere (Oxoid, 
BR56) at 37° C. for 48 hours. 

Sonicates were prepared by growth of the organisms, as 
described above, followed by harvesting of the organisms in 
0.1 molar phosphate buffered saline (PBS). The cells were 
washed, collected by centrifugation, washed once in PBS, 
and resuspended in fresh PBS. The cells were then sonicated 
at the rate of one per minute per ml of cell suspension (50% 
duty cycle) using a B-30 Branson Cell Disrupter. The 
sonicate was stored at -20° C. 

Starting between 6 weeks and 9 weeks after their last 
infecting dose of//, felis, 20 mice were each given orally 0.2 
ml of a solution containing 25 f*g oiE. coli heat labile toxin 20 
(HLT) (Sigma E 8015), 20 mice were each given orally 0.2 
ml of a suspension containing 25 jug of HLT and a sonicate 
of H. pylori containing 1 mg protein (BIO-RAD DC protein 
assay), 20 mice were each given orally 0.2 ml of a suspen- 
sion containing a sonicate of H. pylori containing 1 mg 
protein, and 40 mice were not orally vaccinated. 

Each group received three farther doses 15, 17 and 20 
days after their initial dose. 

Four weeks after the final immunising dose all the mice 
were euthanased. Samples of antral mucosa were tested for 
infection using a rapid microtitre urease test as described 
previously (Lee et al., 1990). This test has been validated as 
being highly predictive of H. felis gastric infection. 

The results are shown in Table 3. 

They show that oral administration of Helicobacter anti- 
gens derived from H. pylori along with a mucosal adjuvant 
E. coli heat labile toxin, will cure a significant portion of//. 
felis infected mice. 
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What is claimed is: 

1. A method of producing a composition, the method 
comprising combining: 

(a) an immunologically effective amount of one or more 
Helicobacter antigens; 

(b) a mucosal adjuvant; 

(c) an antibiotic; and 

(d) a pharmaceutically acceptable carrier or diluent; 
thereby producing a composition that is effective for eradi- 
cating or suppressing a pre-existing Helicobacter infection 
in a mammalian host when administered to the host. 

2. The method of claim 1, wherein said one or more 
Helicobacter antigens comprise one or more H. pylori anti- 
gens. 

3. The method of claim 1, wherein said one or more 
Helicobacter antigens comprise one or more H. felis anti- 
gens. 

4. The method of claim 1, wherein said one or more 
Helicobacter antigens are provided in a sonicate of Helico- 
bacter cells. 

5. The method of claim 1, wherein said adjuvant is cholera 
40 toxin, a non-toxic derivative of cholera toxin, or E. coli heat 

labile toxin. 

6. The method of claim 1, wherein the mucosal adjuvant 
has mucosal delivery activity. 

7. The method of claim 1, wherein said one or more 
45 Helicobacter antigens are selected from the group consisting 

off/, pylori urease, H pylori cytotoxin, H. pylori cytotoxin 
associated immunodominant antigen, and H. pylori heat 
shock protein. 

8. A composition comprising: 

(a) an immunologically effective amount of one or more 
Helicobacter antigens; 

(b) an antibiotic; 

(c) a mucosal adjuvant; and 

(d) an immune stimulating complex (ISCOM); 
wherein the composition is effective for eradicating or 
suppressing a pre-existing Helicobacter infection in a mam- 
malian host when administered to the host. 

9. A composition comprising: 

(a) an immunologically effective amount of one or more 
Helicobacter antigens; 

(b) an antibiotic; 

(c) a mucosal adjuvant; and 

(d) a liposome; 
wherein the composition is effective for eradicating or 
suppressing a pre-existing Helicobacter infection in a mam- 
malian host when administered to the host. 
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10. A composition comprising: H. pylori urease, H. pylori cytotoxin, H. pylori cytotoxin 

(a) an immunologically effective amount of one or more associated immunodominant antigen, and //. pylori heat 
Helicobacter antigens; shock protein. 

(b) an antibiotic- ^ mctn °d f° r mc treatment of a pre-existing Helico- 
} I ' 5 bacter infection in a mammalian host, the method compris- 

(c) a mucosal adjuvant; and mg oral administration of the composition of claim 9 to the 

(d) a microsphere; infected host, wherein the administration of the composition 
wherein the composition is effective for eradicating or eradicates or suppresses the pre-existing infection in the 
suppressing a pre-existing Helicobacter infection in a mam- host. 

malian host when administered to the host. 1Q 21. The method of claim 20, wherein said one or more 

11. A composition comprising: Helicobacter antigens are selected from the group consisting 
(a) an immunologically effective amount of one or more of K Py lori urease > H - Py hri cytotoxin, H. pylori cytotoxin 

Helicobacter antigens; associated immunodominant antigen, and H. pylori heat 

a* , . , shock protein. 

f( ™ anUDl0tlc ; 22. A method for the treatment of a pre-existing Helico- 

(c) a mucosal adjuvant; and 15 t> acter infection in a mammalian host, the method compris- 

(d) an oily emulsion; ing administration of the composition of claim 10 to a 
wherein the composition is effective for eradicating or mucosal surface of the infected host, wherein the adrninis- 
suppressing a pre-existing Helicobacter infection in a mam- tration of the composition eradicates or suppresses the 
malian host when administered to the host. pre-existing infection in the host. 

12. A composition comprising: 20 23. The method of claim 22, wherein said one or more 

(a) an immunologically effective amount of one or more Helicobacter antigens are selected from the group consisting 
Helicobacter antigens; ofK ^ /on urease > H ' W hn W^xm, H. pylori cytotoxin 

„ . A . associated immunodominant antigen, and H. pylori heat 

(b) an antibiotic; shock protein. 

(c) a mucosal adjuvant; and ^ 24. A method for the treatment of a pre-existing Helico- 

(d) an enteric coated gelatin capsule; bacter infection in a mammalian host, the method compris- 
wherein the composition is effective for eradicating or ing oral administration of the composition of claim 10 to the 
suppressing a pre-existing Helicobacter infection in a mam- infected host, wherein the administration of the composition 
malian host when administered to the host. eradicates or suppresses the pre-existing infection in the 

13. A composition comprising: 30 host. 

(a) an immunologically effective amount of one or more The method of claim 24, wherein said one or more 
Helicobacter antigens- Helicobacter antigens are selected from the group consisting 

(b) an antibiotic* and * otH ' pyloii urcase ' H ' ^ y/o " cytotoxin, H. pylori cytotoxin 
\ { \ „ t , ^ associated immunodominant antigen, and H. pylori heat 

(c) a pharmaceutical acceptable earner or diluent, shock protein. 

wherein the composition is effective for eradicating or 35 2 6. A method for the treatment of a pre-existing Helico- 

suppressing a pre-existing Helicobacter infection in a mam- bacter infection in a mammalian host, the method compris- 

malian host when administered to the host. ing administration of the composition of claim 11 to a 

14. A method for the treatment of a pre-existing Helico- mucosal surface of the infected host, wherein the adminis- 
bacter infection in a mammalian host, the method corapris- tration of the composition eradicates or suppresses the 
ing administration of the composition of claim 8 to a 40 pre-existing infection in the host. 

mucosal surface of the infected host, wherein the adminis- 27. The method of claim 26, wherein said one or more 

tration of the composition eradicates or suppresses the Helicobacter antigens are selected from the group consisting 

pre-existing infection in the host. of H, pylori urease, H. pylori cytotoxin, H. pylori cytotoxin 

15. The method of claim 14, wherein said one or more associated immunodominant antigen, and H. pylori heat 
Helicobacter antigens are selected from the group consisting 45 shock protein. 

of//, pylori urease, H. pylori cytotoxin, H. pylori cytotoxin 28. A method for the treatment of a pre-existing Helico- 

associated immunodominant antigen, and H, pylori heat bacter infection in a mammalian host, the method compris- 

shock protein. ing oral administration of the composition of claim 11 to the 

16. A method for the treatment of a pre-existing Helico- infected host, wherein the administration of the composition 
bacter infection in a mammalian host, the method compris- 50 eradicates or suppresses the pre-existing infection in the 
ing oral administration of the composition of claim 8 to the host. 

infected host, wherein the administration of the composition 29. The method of claim 28, wherein said one or more 

eradicates or suppresses the pre-existing infection in the Helicobacter antigens are selected from the group consisting 

host of H. pylori urease, H. pylori cytotoxin, H. pylori cytotoxin 

17. The method of claim 16, wherein said one or more 55 associated immunodominant antigen, and H. pylori heat 
Helicobacter antigens are selected from the group consisting shock protein. 

of//, pylori urease, H. pylori cytotoxin, //. pylori cytotoxin 30. A method for the treatment of a pre-existing Helico- 

associated immunodominant antigen, and H. pylori heat bacter infection in a mammalian host, the method compris- 

shock protein. ing administration of the composition of claim 12 to a 

18. A method for the treatment of a pre-existing Helico- 60 mucosal surface of the infected host, wherein the adminis- 
bacter infection in a mammalian host, the method compris- tration of the composition eradicates or suppresses the 
ing administration of the composition of claim 9 to a pre-existing infection in the host. 

mucosal surface of the infected host, wherein the adminis- 31. The method of claim 30, wherein said one or more 

tration of the composition eradicates or suppresses the Helicobacter antigens are selected from the group consisting 

pre-existing infection in the host. 65 of// pylori urease, H. pylori i cytotoxin, H. pylori cytotoxin 

19. The method or claim herein said one or more Heli- associated immunodominant antigen, and H. pylori heat 
cobacter antigens are selected from the group consisting of shock protein. 
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32. A method for the treatment of a pre-existing Helico- 
bacter infection in a mammalian host, the method compris- 
ing oral administration of the composition of claim 12 to the 
infected host, wherein the administration of the composition 
eradicates or suppresses the pre-existing infection in the 5 
host. 

33. The method of claim 28, wherein said one or more 
Helicobacter antigens are selected from the group consisting 
of H. pylori urease, H. pylori cytotoxin, H. pylori cytotoxin 
associated immunodominant antigen, and H. pylori heat 10 
shock protein. 

34. A method for the treatment of a pre-existing Helico- 
bacter infection in a mammalian host, the method compris- 
ing administration of the composition of claim 13 to a 
mucosal surface of the infected host, wherein the adminis- 15 
tration of the composition eradicates or suppresses the 
pre-existing infection in the host. 

35. The method of claim 32, wherein said one or more 
Helicobacter antigens are selected from the group consisting 

of H. pylori urease, H. pylori cytotoxin, H. pylori cytotoxin 20 
associated immunodominant antigen, and H. pylori heat 
shock protein. 

36. A method for the treatment of a pre-existing Helico- 
bacter infection in a mammalian host, the method compris- 
ing oral administration of the composition of claim 13 to the 25 
infected host, wherein the administration of the composition 
eradicates or suppresses the pre-existing infection in the 
host. 

37. The method of claim 36, wherein said one or more 
Helicobacter antigens are selected from the group consisting 30 
of H. pylori urease, H. pylori cytotoxin, H. pylori cytotoxin 
associated immunodominant antigen, and H. pylori heat 
shock protein. 

38. A method for the treatment of a pre-existing Helico- 
bacter infection in a mammalian host, the method compris- 
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ing administration to a mucosal surface of the infected host 
of a composition comprising: 

(a) an immunologically effective amount of one or more 
Helicobacter antigens; 

(b) an antibiotic; 

(c) a mucosal adjuvant and 

(d) a pharmaceutically acceptable carrier or diluent; 
wherein the administration of the composition eradicates or 
suppresses the pre-existing infection in the host. 

39. The method of claim 38, wherein said one or more 
Helicobacter antigens are selected from the group consisting 
of H. pylori urease, H. pylori cytotoxin, H. pylori cytotoxin 
associated immunodominant antigen, and H. pylori heat 
shock protein. 

40. A method for the treatment of a pre-existing Helico- 
bacter infection in a mammalian host, the method compris- 
ing oral administration to the infected host of a composition 
comprising: 

(a) an immunologically effective amount of one or more 
Helicobacter antigens; 

(b) an antibiotic; 

(c) a mucosal adjuvant and 

(d) a pharmaceutically acceptable carrier or diluent; 
wherein the administration of the composition eradicates or 
suppresses the preexisting infection in the host. 

41. The method of claim 40, wherein said one or more 
Helicobacter antigens are selected from the group consisting 
of//, pylori urease, //. pylori cytotoxin, H. pylori cytotoxin 
associated immunodominant antigen, and H. pylori heat 
shock protein. 

***** 



Record Display Form 



Page 1 of 2 



DOCUMENT-IDENTIFIER: US 6406703 Bl 

TITLE: Treatment of H. pylori associated gastroduodenal disease 

CLAIMS: 

3. The method of claim 1, wherein said one or more Helicobacter antigens comprise one or more H. felis 
antigens. 

7. The method of claim 1, wherein said one or more Helicobacter antigens are selected from the group 
consisting of H. pylori urease. H. pylori cytotoxin, H. pylori cytotoxin associated immunodominant 
antigen, and H. pylori heat shock protein. 

15. The method of claim 14, wherein said one or more Helicobacter antigens are selected from the group 
consisting of H. pylori urease. H. pylori cytotoxin, H. pylori cytotoxin associated immunodominant 
antigen, and H. pylori heat shock protein. 

17. The method of claim 16, wherein said one or more Helicobacter antigens are selected from the group 
consisting of H. pylori urease. H. pylori cytotoxin, H. pylori cytotoxin associated immunodominant 
antigen, and H. pylori heat shock protein. 

19. The method or claim herein said one or more Helicobacter antigens are selected from the group 
consisting of H. pylori urease, H. pylori cytotoxin, H. pylori cytotoxin associated immunodominant 
antigen, and H. pylori heat shock protein. 

21. The method of claim 20, wherein said one or more Helicobacter antigens are selected from the group 
consisting of H. pylori urease. H. pylori cytotoxin, H. pylori cytotoxin associated immunodominant 
antigen, and H. pylori heat shock protein. 

23. The method of claim 22, wherein said one or more Helicobacter antigens are selected from the group 
consisting of H. pylori urease. H. pylori cytotoxin, H. pylori cytotoxin associated immunodominant 
antigen, and H. pylori heat shock protein. 

25. The method of claim 24, wherein said one or more Helicobacter antigens are selected from the group 
consisting of H. pylori urease. H. pylori cytotoxin, H. pylori cytotoxin associated immunodominant 
antigen, and H. pylori heat shock protein. 

27. The method of claim 26, wherein said one or more Helicobacter antigens are selected from the group 
consisting of H. pylori urease. H. pylori cytotoxin, H. pylori cytotoxin associated immunodominant 
antigen, and H. pylori heat shock protein. 

29. The method of claim 28, wherein said one or more Helicobacter antigens are selected from the group 
consisting of H. pylori urease. H. pylori cytotoxin, H. pylori cytotoxin associated immunodominant 
antigen, and H. pylori heat shock protein. 

31. The method of claim 30, wherein said one or more Helicobacter antigens are selected from the group 
consisting of H. pylori urease. H. pylori i cytotoxin, H. pylori cytotoxin associated immunodominant 
antigen, and H. pylori heat shock protein. 

33. The method of claim 28, wherein said one or more Helicobacter antigens are selected from the group 
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consisting of H. pylori urease. H. pylori cytotoxin, H. pylori cytotoxin associated immunodominant 
antigen, and H. pylori heat shock protein. 

35. The method of claim 32, wherein said one or more Helicobacter antigens are selected from the group 
consisting of H. pylori urease. H. pylori cytotoxin, H. pylori cytotoxin associated immunodominant 
antigen, and H. pylori heat shock protein. 

37. The method of claim 36, wherein said one or more Helicobacter antigens are selected from the group 
consisting of H. pylori urease. H. pylori cytotoxin, H. pylori cytotoxin associated immunodominant 
antigen, and H. pylori heat shock protein. 

39. The method of claim 38, wherein said one or more Helicobacter antigens are selected from the group 
consisting of H. pylori urease. H. pylori cytotoxin, H. pylori cytotoxin associated immunodominant 
antigen, and H. pylori heat shock protein. 

41. The method of claim 40, wherein said one or more Helicobacter antigens are selected from the group 
consisting of H. pylori urease. H. pylori cytotoxin, H. pylori cytotoxin associated immunodominant 
antigen, and H. pylori heat shock protein. 
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TITLE: Urease -based vaccine and treatment for helicobacter infection 



Abstract Text (1): 

Method of eliciting in a mammalian host a protective immune response to Helicobacter infection and 
treatment of Helicobacter infection by administering to the host an immunogenically effective amount of 
a Helicobacter urease or urease subunits as antigen. Vaccine compositions are also provided. 

CLAIMS: 

1. A method of treating Helicobacter infection in a mammal, said method comprising administering to a 
mucosal surface of said mammal a therapeutically effective amount of a purified polypeptide comprising 
an A subunit of a naturally occurring Helicobacter urease . 

3. The method of claim 1, wherein said Helicobacter urease is Helicobacter pylori urease . 

21. A method of treating Helicobacter infection in a mammal, said method comprising administering to 
a mucosal surface of said mammal a therapeutically effective amount of a purified polypeptide 
comprising a B subunit of a naturally occurring Helicobacter urease . 

23. The method of claim 21, wherein said Helicobacter urease is Helicobacter pylori urease . 

41. A vaccine composition consisting essentially of a polypeptide comprising an A subunit of a naturally 
occurring Helicobacter urease, and a mucosal adjuvant. 

42. The vaccine composition of claim 41, wherein said Helicobacte r urease is Helicobacter pylori 
urease . 

43. The vaccine composition of claim 41, wherein said Helicobacte r urease is Helicobacter felis urease . 

54. A vaccine composition comprising a purified polypeptide comprising an A subunit of a naturally 
occurring Helicobacter urease, and a polypeptide of the labile toxin of Escherichia coli. 

56. A vaccine composition consisting essentially of a polypeptide comprising a B subunit of a naturally 
occurring Helicobacter urease, and a mucosal adjuvant. 

57. The vaccine composition of claim 56, wherein said Helicobacte r urease is Helicobacter pylori 
urease . 

58. The vaccine composition of claim 56, wherein said Helicobacte r urease is Helicobacter felis urease . 

69. A vaccine composition comprising a purified polypeptide comprising a B subunit of a naturally 
occurring Helicobacter urease, and a polypeptide of the labile toxin of Escherichia coli. 
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ABSTRACT: 

Method of eliciting in a mammalian host a protective immune response to Helicobacter infection and 
treatment of Helicobacter infection by administering to the host an immunogenically effective amount of 
a Helicobacter urease or urease subunits as antigen. Vaccine compositions are also provided. 
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TITLE: Immunogenic compositions against helicobacter infection, polypeptides for use in the 
compositions, and nucleic acid sequences encoding said polypeptides 

Abstract Text (2): 

i) at least one sub-unit of a urease structural polypeptide from Helicobacter pylori (SEQ ID NO: 22,26), 
or a fragment thereof, said fragment being recognized by antibodies reacting with Helicobacter felis 
urease (SEQ ID NO: 20-21), and/or at least one sub-unit of a urease structural polypeptide from 
Helicobacter felis (SEQ ID NO: 20-2 1 ), or a fragment thereof, said fragment being recognized by 
antibodies reacting with Helicobacter pylori urease (SEQ ID NO: 22-26); 

CLAIMS: 

4. A composition comprising purified monoclonal antibodies directed against the following peptides: 

a) at least one urease polypeptide of Helicobacter felis or Helicobacter pylori selected from the group 
consisting of UreA, UreB, UreE, UreF, UreG, UreH, Urel, and fragments thereof, wherein said fragment 
is also recognized by an antibody directed against the full length polypeptide corresponding to that 
fragment; and 

b) at least one polypeptide of Helicobacter felis or Helicobacter pylori selected from the group 
consisting of HspA (SEQ ID NO: 29) HspB (SEQ ID NO: 30), and fragments thereof, wherein said 
fragment is also recognized by an antibody directed against the full length polypeptide corresponding to 
that fragment. 

5. The composition of claim 4, wherein said urease polypeptide is UreA of Helicobacter pylori. 

6. The composition of claim 4, wherein said urease polypeptide is UreB of Helicobacter pylori. 

7. The composition of claim 4, wherein said urease polypeptides are UreA and UreB of Helicobacter 
pylori. 

8. The composition of claim 4, wherein said urease polypeptide is UreA of Helicobacter felis . 

9. The composition of claim 4, wherein said urease polypeptide is UreB of Helicobacter felis . 

10. The composition of claim 4, wherein said urease polypeptides are UreA and UreB of Helicobacter 
felis. 
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ART-UNIT: 165 

PRIMARY-EXAMINER: Navarro; Albert 

ATT Y- AGENT-FIRM: Finnegan, Henderson, Farabow, Garrett and Dunner 
ABSTRACT: 

There is provided an immunogenic composition capable of inducing protective antibodies against 
Helicobacter infection characterized in that it comprises: 

i) at least one sub-unit of a urease structural polypeptide from Helicobacter pylori (SEQ ED NO: 22,26), 
or a fragment thereof, said fragment being recognized by antibodies reacting with Helicobacter felis 
urease (SEQ ID NO: 20-21), and/or at least one sub-unit of a urease structural polypeptide from 
Helicobacter felis (SEQ ED NO: 20-21), or a fragment thereof, said fragment being recognized by 
antibodies reacting with Helicobacter pylori urease (SEQ ID NO: 22-26); 

ii) and/or, a heat shock protein (Hsp), or chaperonin, from Helicobacter, or a fragment of said protein. 



http://westbrs:9000/bin/gate.exe?f=DOCl&state=8mh3 lq.27 12&ESNAME=FRO&p_Messag ... 6/9/05. 



Record Display Form Page 4 of 4 

The preparation, by recombinant means, of such immunogenic compositions is also provided. 
20 Claims, 51 Drawing figures 
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(57) ABSTRACT 

There is provided an immunogenic composition capable of 
inducing protective antibodies against Helicobacter infec- 
tion characterized in that it comprises: 

i) at least one sub-unit of a urease structural polypeptide 
from Helicobacter pylon (SEQ ID NO: 22,26), or a 
fragment thereof, said fragment being recognized by 
antibodies reacting with Helicobacter felis urease 
(SEQ ID NO: 20-21), and/or at least one sub-unit of a 
urease structural polypeptide from Helicobacter felis 
(SEQ ID NO: 20-21), or a fragment thereof, said 
fragment being recognized by antibodies reacting with 
Helicobacter pylori urease (SEQ ID NO: 22-26); 

ii) and/or, a heat shock protein (Hsp), or chaperonin, from 
Helicobacter, or a fragment of said protein. 

The preparation, by recombinant means, of such immuno- 
genic compositions is also provided. 

20 Claims, 36 Drawing Sheets 
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TITLE: Immunogenic compositions against helicobacter infection, polypeptides for use in the 
compositions, and nucleic acid sequences encoding said polypeptides 



Abstract Text (2): 

i) at least one sub-unit of a urease structural polypeptide from Helicobacter pylori, or a fragment thereof, 
said fragment being recognized by antibodies reacting with Helicobacter felis urease, and/or at least one 
sub-unit of a urease structural polypeptide from Helicobacter felis, or a fragment thereof, said fragment 
being recognized by antibodies reacting with Helicobacter pylori urease ; 

CLAIMS: 

10. Proteinaceous material comprising a fusion protein, wherein the fusion protein comprises at least one 
Helicobacter HspA or a fragment thereof as defined in any one of claims 6-9 and at least one 
polypeptide selected from the group consisting of 

a Helicobacter pylori urease structural polypeptide or fragment thereof, wherein said fragment is 
recognized by antibodies to H. felis urease, and 

a Helicobacter felis urease structural polypeptide or immunogenic fragment thereof. 

1 1. An immunogenic composition, which induces antibodies against Helicobacter infection, comprising 
at least one sub-unit of a purified, synthetic, or recombinant Helicobacter felis urease structural 
polypeptide selected from the group of polypeptides consisting of SEQ ID NO: 20 and SEQ ID NO: 21, 
and a heat shock protein (Hsp) from Helicobacter or a fragment thereof, wherein the Hsp protein is 
HspA or HspA and HspB encoded by the HspA/HspB genes of plasmid pILL689 (CNCM 1-1356), and 
wherein said fragment has at least 6 amino acids and is immunogenic. 

16. An immunogenic composition, capable of inducing antibodies against Helicobacter infection, 
comprising at least one sub-unit of a purified, synthetic, or recombinant Helicobacter felis urease 
structural polypeptide selected from the group of polypeptides consisting of SEQ ID NO: 20 and SEQ 
ID NO: 21, further comprising at least one heat shock protein (Hsp) from Helicobacter, wherein the Hsp 
protein is HspA, HspB, or HspA and HspB encoded by the HspA/HspB genes of plasmid pILL689 
(CNCM 1-1356), or a fragment thereof, wherein said fragment has at least 6 amino acids and is capable 
of generating antibodies. 
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(57) ABSTRACT 

There is provided an immunogenic composition capable of 
inducing protective antibodies against Helicobacter infec- 
tion characterized in that it comprises: 

i) at least one sub-unit of a urease structural polypeptide 
from Helicobacter pylori, or a fragment thereof, said 
fragment being recognized by antibodies reacting with 
Helicobacter /efts urease, and/or at least one sub-unit of 
a urease structural polypeptide from Helicobacter felis, 
or a fragment thereof, said fragment being recognized 
by antibodies reacting with Helicobacter pylori urease; 

ii) and/or, a heat shock protein (Hsp), or chaperonin, from 
Helicobacter, or a fragment of said protein. 

The preparation, by recombinant means, of such immuno- 
genic compositions is also provided. 

16 Claims, 36 Drawing Sheets 
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DOCUMENT-IDENTIFIER: US 5843460 A 

TITLE: Immunogenic compositions against helicobacter infection, polypeptides for use in the 
compositions, and nucleic acid sequences encoding said polypeptides 

Abstract Text (2\. 

i) at least one sub-unit of a urease structural polypeptide from Helicobacter pylori (SEQ ID NOS:22,26), 
or a fragment thereof, said fragment being recognized by antibodies reacting with Helicobacter felis 
urease (SEQ ID NOS:20-21), and/or at least one sub-unit of a urease structural polypeptide from 
Helicobacter felis (SEQ ID NOS:20-21), or a fragment thereof, said fragment being recognized by 
antibodies reacting with Helicobacter pylori urease (SEQ ID NOS:22-26); 

CLAIMS: 

1. An immunogenic composition, capable of inducing antibodies against Helicobacter infection, 
comprising: 

i) at least one urease structural polypeptide encoded by the UreB gene of Helicobacter pylori or 
Helicobacter felis or immunogenic fragment thereof comprising at least six consecutive amino acids; 
and 

ii) at least one heat shock protein encoded by the Hsp A gene of Helicobacter pylori or Helicobacter felis 
or immunogenic fragment thereof, comprising at least 6 consecutive amino acids, 

said composition being substantially free of other Helicobacter pylori or Helicobacter felis proteins. 

2. An immunogenic composition comprising an immunizing amount of a mixture of Helicobacter pylori 
or Helicobacter felis antigens, wherein said mixture consists essentially of UreB and Hsp A of H. pylori 
or H. felis substantially free of other H. pylori or H felis proteins. 

6. The immunogenic composition according to claim 1 or claim 2, wherein said composition produces 
an immunogenic effect when administered to a mammal, wherein the immunogenic effect is 
substantially the same as the immunogenic effect produced in the mammal when a total cell extract of 
Helicobacter pylori or Helicobacter felis is administered to said mammal. 

10. A pharmaceutical composition for use in a vaccine against Helicobacter pylori or Helicobacter felis. 
comprising the immunogenic composition according to claim 1 or claim 2, in combination with a 
pharmaceutically acceptable carrier. 



http://westbrs:9000^in/cgi-bin/accum_que^y.pl?MODE=%20%20%20%20Display 0 /o20 0 /o20 0 /o... 6/9/05 



United States Patent [wi 

Labigne et al. 



IllllllJIIIIIIIIIIIIIIIIIIIIlllllllllllIllililll 



US005843460A 
[ii] Patent Number: 
[45] Date of Patent: 



5,843,460 
Dec. 1, 1998 



[54] IMMUNOGENIC COMPOSITIONS AGAINST 
HELICOBACTER INFECTION, 
POLYPEPTIDES FOR USE IN THE 
COMPOSITIONS, AND NUCLEIC ACID 
SEQUENCES ENCODING SAID 
POLYPEPTIDES 

[75] Inventors: Agnes Labigne, Bures S/Yvette, 

France; Sehastin Suerbaum, Bochum, 
Germany; Richard L. Ferrero, Paris; 
Jean-Michel Thiberge, Plaisir, both of 
France 

[73] Assignees: Instltut Pasteur; Instltut National de 
la Sante et de la Recherche Medicate, 
both of Paris, France 

[21] Appl. No.: 467,822 
[22] Filed: Jun. 6, 1995 

Related U.S. Application Data 

[63] Continuation of Ser. No. 447,177, May 1 9, 1995, which is a 
continuation-in-part of Ser. No. 432,697, May 2, 1995. 



[30] 



Foreign Application Priority Data 



May 19, 1993 [EP] European Pat. Off. 93 401 309 

Nov. 19, 1993 [WO] WIPO PCT/EP93/03259 

[51] Int. CI. 6 A61K 39/02 

[52] U.S. CI 424/234.1; 435/7.32; 435/6; 

435/7.9; 514/234.5; 514/41 

[58] Field of Search 435/7.32, 4, 6, 

435/7.9; 514/234.5, 41; 424/234.1 

[56] References Cited 

FOREIGN PATENT DOCUMENTS 

WOA9004030 4/1990 WIPO . 

WOA9 109049 6/1991 WIPO . 

WOA9307273 4/1993 WIPO . 

WOA9316723 9/1993 WIPO . 

WOA9318150 9/1993 WIPO . 

WOA9320843 10/1993 WIPO . 

WOA9406474 3/1994 WIPO . 

WOA9409823 5/1994 WIPO . 



WOA9503824 2/1995 WIPO . 
WO 9638475 12/1996 WIPO . 
WO 9640893 12/1996 WIPO . 

OTHER PUBLICATIONS 

R. L. Ferrero et al., "Molecular Evidence Demonstrating 
Significant Homology Between the Urease Polypeptides of 
Helicobacter Felis and and Helicobacter Pylori," Gastroen- 
terology, vol. 104, No. 4, Apr. 1 993, Elsevier, New York, 
U.S.; p. A699. 

E.G. Fox, et al. "Comparison of Two New Immunodiagnos- 
tic Assays for Helicobacter Pylori with Established Clinical 
and Histopathologic Findings", Gastroeneterology, vol. 100, 
No. 5, Part 2, p. A66. 

B.E. Dunn et al., "Identification and Purification of a cpn60 
Heat Shock Protein Homolog from Helicobacter Pylori," 
Infection and Immunity, vol. 60, No. 5, May 1992, Am. Soc. 
Microbiol., Baltimore, US; pp. 1946-1951. 

(list continued on next page.) 

Primary Examiner — James C. Housel 

Assistant Examiner — Ginny Allen Portner 

Attorney, Agent, or Firm— Finnegan, Henderson, Farabow, 

Garrett & Dunner, L.L.P. 



[57] 



ABSTRACT 



There is provided an immunogenic composition capable of 
inducing protective antibodies against Helicobacter infec- 
tion characterized in that it comprises: 

i) at least one sub-unit of a urease structural polypeptide 
from Helicobacter pylori (SEQ ID NOS:22,26), or a 
fragment thereof, said fragment being recognized by 
antibodies reacting with Helicobacter felis urease (SEQ 
ID NOS:20-21), and/or at least one sub-unit of a urease 
structural polypeptide from Helicobacter felis (SEQ ID 
N0S:20-21), or a fragment thereof, said fragment 
being recognized by antibodies reacting with Helico- 
bacter pylori urease (SEQ ID NOS:22-26); 

ii) and/or, a heat shock protein (Hsp), or chaperonin, from 
Helicobacter, or a fragment of said protein. 

The preparation, by recombinant means, of such immuno- 
genic compositions is also provided. 

10 Claims, 36 Drawing Sheets 



IgGI-open symbols 1gG2a-closed symbols 




MBP Hsp A HspB UreB HspA/UreB 

Antigens Administered 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

A61K 39/106, C07K 16/12, A61K 39/40 



Al 



(11) International Publication Number: WO 96/34624 

(43) International Publication Date: 7 November 1996 (07.1 1.96) 



(21) International Application Number: PCT/HP96701834 

(22) International Filing Date: 2 May 1996 (02.05.96) 



(30) Priority Data: 
432,697 
447,177 



2 May 1995 (Q2.05.95) US 
19 May 1995 (19.05.95) US 



(71) Applicants (for all designated States except US): INSTITUT 

PASTEUR [FR/FR]; 25-28, rue du Dr.-Roux, F-75724 Paris 
ttdex 15 (FR). INSTITUT NATIONAL DE LA SANTE 
ET DE LA RECHERCHE MEDICALE [FR/FR]; 101, rue 
de Tolbiac, F-75654 Paris C6dex 13 (FR). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): LABIGNE, Agnes 
(FR/FR); 47, avenue Beausejour, F-91440 Bures-sur-Yvette 
(FR). SUERBAUM, Sebastian [DE/DE]; Kanalstrasse 6, 
D-44787 Bochum (DE). FERRERO, Richard, L. [TT/FR]; 
60, avenue des Gobelins, F-75013 Paris (FR). THEBERGE, 
Jean-Michel [FR/FR]; 15, rue de la Ferronnerie, F-78370 
Plaisir (FR). 

(74) Agents: GUTMANN, Ernest et al.; Ernest Gutmann-Yves 
Plasseraud S.A., 3, rue Chauveau-Lagarde, F-75008 Paris 
(FR). 



(81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR, BY, 
CA, CH, CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU, IS, 
JP, KE, KG, KP, KR, KZ, LK, LR, LS, LT, LU, LV, MD, 
MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, 
SE, SG, SI, SK, TJ, TM f TR, TT, UA, UG, US, UZ, VN, 
ARIPO patent (KE, LS, MW, SD, SZ, UG), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: IMMUNOGENIC COMPOSITIONS AGAINST HELICOBACTER INFECTION, POLYPEPTIDES FOR USE IN THE 
COMPOSITIONS, AND NUCLEIC ACID SEQUENCES ENCODING SAID POLYPEPTIDES 

(57) Abstract 



There is provided an immunogenic composition capabale of inducing protective antibodies against Helicobacter infection characterized 
in that it comprises: 1) at least one sub-unit of a urease structural polypeptide from Helicobacter pylori, or a fragment thereof, said fragment 
being recognized by antibodies reacting with Helicobacter felis urease, and/or at least one sub-unit of a urease structural polypeptide from 
Helicobacter felis, or a fragment thereof, said fragment being recognized by antibodies reacting with Helicobacter pylori urease; ii) and/or, 
a heat shock protein (Hsp), or chaperonin, from Helicobacter, or a fragment of said protein. The preparation, by recombinant means, of 
such immunogenic composition is also provided. 
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DOCUMENT-IDENTIFIER: WO 9634624 Al 

TITLE: IMMUNOGENIC COMPOSITIONS AGAINST HELICOBACTER INFECTION, 
POLYPEPTIDES FOR USE IN THE COMPOSITIONS, AND NUCLEIC ACID SEQUENCES 
ENCODING SAID POLYPEPTIDES 



Abstract Text (1): 

There is provided an immunogenic composition capabale of inducing protective antibodies against 
Helicobacter infection characterized in that it comprises: i) at least one sub-unit of a urease structural 
polypeptide from Helicobacter pylori, or a fragment thereof, said fragment being recognized by 
antibodies reacting with Helicobacter felis urease, and/or at least one sub-unit of a urease structural 
polypeptide from Helicobacter felis. or a fragment thereof, said fragment being recognized by antibodies 
reacting with Helicobacter pylori urease ; ii) and/or, a heat shock protein (Hsp), or chaperonin, from 
Helicobacter, or a fragment of said protein. The preparation, by recombinant means, of such 
immunogenic composition is also provided. 
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DOCUMENT-IDENTIFIER: WO 9514093 Al 

TITLE: IMMUNOGENIC COMPOSITIONS AGAINST HELICOBACTER INFECTION, 
POLYPEPTIDES FOR USE IN THE COMPOSITIONS AND NUCLEIC ACID SEQUENCES 
ENCODING SAID POLYPEPTIDES 



Abstract Text (1): 

CHG DATE=1 99906 17 STATUS=0>The invention relates to an immunogenic composition, capable of 
inducing protective antibodies against Helicobacter infection, characterised in that it comprises: i) at 
least one sub-unit of a urease structural polypeptide from Helicobacter pylori , or a fragment thereof, said 
fragment being recognised by antibodies reacting with Helicobacter felis urease, and/or at least one sub- 
unit of a urease structural polypeptide from Helicobacter felis . or a fragment thereof, said fragment 
being recognised by antibodies reacting with Helicobacter pylori urease : ii) optionally, a urease - 
associated Heat Shock protein (HSP), or chaperonin, from Helicobacter, or a fragment of said protein. 
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DOCUMENT-IDENTIFIER: WO 9426901 Al 

TITLE: IMMUNOGENIC COMPOSITIONS AGAINST HELICOBACTER INFECTION, 
POLYPEPTIDES FOR USE IN THE COMPOSITIONS AND NUCLEIC ACID SEQUENCES 
ENCODING SAID POLYPEPTIDES 



Abstract Text ( IV 

CHG DATE= 199906 17 STATUS=0>The invention relates to an immunogenic composition, capable of 
inducing protective antibodies against Helicobacter infection, characterised in that it comprises: i) at 
least one sub-unit of a urease structural polypeptide from Helicobacter pylori, or a fragment thereof, said 
fragment being recognised by antibodies reacting with Helicobacter felis urease, and/or at least one sub- 
unit of a urease structural polypeptide from Helicobacter felis. or a fragment thereof, said fragment 
being recognised by antibodies reacting with Helicobacter pylori urease : ii) and/or, a Heat Shock protein 
(HSP), or chaperonin, from Helicobacter, or a fragment of said protein. The invention also relates to the 
preparation, by recombinant means, of such immunogenic compositions. 
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15. Document ED: US 6005090 A 

L2: Entry 15 of 29 



File: USPT 



Dec 21, 



1999 



DOCUMENT-IDENTIFIER: US 6005090 A 

TITLE: Treatment and prevention of helicdbacter infection 
Abstract Text (1) : 

An antigenic preparation for use in the treatment or prevention of Helicobacter 
infection in a mammalian host, comprises the catalase enzyme of Helicobacter 
bacteria, particularly the catalase enzyme of H. pylori or H. felis, or an 
immunogenic fragment thereof. 



8. A vaccine composition for use in the treatment or prevention of Helicobacter 
infection in a mammalian host, consisting essentially of an immunologically 
effective amount of Helicobacter pylori catalase and an additional Helicobacter 
antigen, together with a mucosal adjuvant and a pharmaceutically acceptable carrier 
or diluent, wherein said additional antigen is Helicobacter urease or Helicobacter 
lipopolysaccharide . 

9. A vaccine composition for use in the treatment or prevention of Helicobacter 
infection in a mammalian host, consisting essentially of an immunologically 
effective amount of Helicobacter pylori catalase, together with Helicobacter urease 
and Helicobacter lipopolysaccharide, and further together with a mucosal adjuvant 
and a pharmaceutically acceptable carrier or diluent. 

10. A method for the treatment or prevention of Helicobacter infection in a 
mammalian host, which comprises administration to said host of an immunologically 
effective amount of an antigenic preparation consisting essentially of Helicobacter 
pylori catalase and an additional Helicobacter antigen, together with a mucosal 
adjuvant and a pharmaceutically acceptable carrier or diluent, wherein said 
additional antigen is Helicobacter urease or Helicobacter lipopolysaccharide. 

11. A method for the treatment or prevention of Helicobacter infection in a 
mammalian host, which comprises administration to said host of an immunologically 
effective amount of an antigenic preparation consisting essentially of Helicobacter 
pylori catalase, together with Helicobacter urease and Helicobacter 
lipopolysaccharide, and further together with a mucosal adjuvant and a 
pharmaceutically acceptable carrier or diluent. 

12. A method of producing a vaccine, comprising the step of bringing an antigenic 
preparation into a form suitable for administration to a mammal, wherein said 
preparation consists essentially of Helicobacter pylori catalase and an additional 
Helicobacter antigen, together with a mucosal adjuvant and a pharmaceutically 
acceptable carrier or diluent, and wherein said additional antigen is Helicobacter 
urease or Helicobacter lipopolysaccharide. 

13. Method of producing a vaccine, comprising the step of bringing an antigenic 
preparation into a form suitable for administration to a mammal, wherein said 
preparation consists essentially of Helicobacter pylori catalase, and Helicobacter 
urease and Helicobacter lipopolysaccharide, together with a mucosal adjuvant and a 
pharmaceutically acceptable carrier or diluent. 
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L2: Entry 16 of 29 
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DOCUMENT- IDENTIFIER : US 5871749 A 

TITLE: Therapeutic treatment of H. pylori associated gastroduodenal disease 
CLAIMS : 

3. A method according to claim 1, wherein said one or more Helicobacter antigens 
comprise one or more H. f elis antigens. 

12. A method according to claim 10, wherein said one or more Helicobacter antigens 
comprise one or more H. f elis antigens. 

19. A method according to claim 11, wherein said one or more Helicobacter antigens 
is selected from the group consisting of H. pylori urease, H. pylori cytotoxin, H. 
pylori cytotoxin associated immunodominant antigen, and H. pylori heat shock 
protein. 

20. A method according to claim 10, wherein said one or more Helicobacter antigens 
is selected from the group consisting of H. pylori urease, H. pylori- cytotoxin, H. 
pylori cytotoxin associated immunodominant antigen, and H. pylori heat shock 
protein . 
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Classification 



□ 17. Document ID: US 5843460 A 

L2: Entry 17 of 29 



File: USPT 



Dec 1, 1991 



DOCUMENT-IDENTIFIER: US 5843460 A 

TITLE: Immunogenic compositions against helicobacter infection, polypeptides for 
use in the compositions, and nucleic acid sequences encoding said polypeptides 

Abstract Text (2) : 

i) at least one sub-unit of a urease structural polypeptide from Helicobacter 
pylori (SEQ ID N0S:22,26), or a fragment thereof, said fragment being recognized by 
antibodies reacting with Helicobacter felis urease (SEQ ID N0S: 20-21), and/or at 
least one sub-unit of a urease structural polypeptide from Helicobacter felis (SEQ 
ID NOS:20-21), or a fragment thereof, said fragment being recognized by antibodies 
reacting with Helicobacter pylori urease (SEQ ID N0S:22-26); 

CLAIMS : 

1. An immunogenic composition, capable of inducing antibodies against Helicobacter 
infection, comprising: 

i) at least one urease structural polypeptide encoded by the UreB gene of 
Helicobacter pylori or Helicobacter felis or immunogenic fragment thereof 
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comprising at least six consecutive amino acids; and 

ii) at least one heat shock protein encoded by the Hsp A gene of Helicobacter 
pylori or Helicobacter felis or immunogenic fragment thereof, comprising at least 6 
consecutive amino acids, 

said composition being substantially free of other Helicobacter pylori or 
Helicobacter felis proteins. 

2. An immunogenic composition comprising an immunizing amount of a mixture of 
Helicobacter pylori or Helicobacter felis antigens, wherein said mixture consists 
essentially of UreB and HspA of H. pylori or H. felis substantially free of other 
H. pylori or H felis proteins. 

6. The immunogenic composition according to claim 1 or claim 2, wherein said 
composition produces an immunogenic effect when administered to a mammal, wherein 
the immunogenic effect is substantially the same as the immunogenic effect produced 
in the mammal when a total cell extract of Helicobacter pylori or Helicobacter 
felis is administered to said mammal. 

10. A pharmaceutical composition for use in a vaccine against Helicobacter pylori 
or Helicobacter felis, comprising the immunogenic composition according to claim 1 
or claim 2, in combination with a pharmaceutically acceptable carrier. 
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ABSTRACTS 



DEVELOPMENT OF AN ANIMAL MODEL TO TEST A 
HELICOBACTER PYLORI VACCINE 



M.L. Dunklev. A.W. Cripps and P.W. Reinbott 



Auspharm Institute for Mucosal Immunology 
P.O.Box 151, Jesmond NSW 2299 



An animal model is being developed to test a vaccine against H. Pylori and to 
investigate the mechanism of the immune response to H. Pylori in the gut. 

Initially, rats were immunized using several different immunization regimes, 
viz. intramuscular (IM) immunization with lyophilized H. Pylori in Freunds' 
complete adjuvant (FCA), intra-Peyers patch (DPP) immunization with 
paraformaldehyde-killed H. Pylori in FCA and oral immunization with live 
//. Pylori, lyophilized H. Pylori or paraformaldehyde-treated H. Pylori, all in 
phosphate buffered saline and with prior administration of sodium bicarbonate. 

IM immunization produced a significant enhanced IgG and IgA H. Pylori specific 
antibody response in the serum but had no effect on the salivary antibody 
response. IPP immunization gave an enhanced serum and saliva IgG and IgA 
antibody response and the Peyers patch lymphocytes were demonstrated to have a 
substantial proliferative response to a crude H. Pylori antigen preparation in vitro 
(stimulation index=64 + 26) indicating that the gut mucosa is capable of mounting 
a vigorous immune response against die H. Pylori bacteria. Oral immunization 
however, has been less successful. Oral immunization with live or para- 
formaldehyde-treated bacteria gave no significant enhancement of the serum 
or saliva anti-//. Pylori antibody. Oral immunization with lyophilized H. Pylori 
gave a small increase in serum antibody response but this was not significant The 
enhancement of this response by the addition of adjuvants is under investigation. 
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IMMUNISATION AND GASTRIC COLONISATION WITH HELICOBACTER 
FEUS 

Keith Heap and Adrian Lee 

University of New South Wales, Sydney, Australia 2033 
Introduction 

There is accumulating evidence that long term infection with Helicobacter pylori is a 
prerequisite for the development of atrophic gastritis and the subsequent 
development of gastric cancer in a subset of persons in certain developing countries. 
Thus, introduction of intervention strategies at an early age may influence the 
morbidity and mortality of this serious disease. Immunisation would be an attractive 
option but, given H. pylori can survive in the body for tens of years in the presence 
of a strong immune response, may not be effective. Helicobacter felis will colonise 
the gastric mucosa of SPF mice in large numbers occupying the gastric pits and 
mucus. Like H. pylori in humans this bacterium will remain for the life of the 
animal. Thus, the H. felis- infected mouse would appear to be a good model to test 
the hypothesis that immunisation can protect against colonisation with gastric 
helicobacters. 
Methods 

SPF mice were immunised by intravenous injection of 0.1 ml of a suspension of 
viable H. felis (10 8 / ml) once a week for 5 weeks or infected per os over 5 days 
with three doses of the bacterium. Immune responses of both these groups of 
animals were measured. A similar group of parenterally immunised animals were 
challenged with living cultures of H. felis. A final group of orally H. felis -infected 
animals was cleared of the organism with triple ann-microbial therapy for 28 days 
(tetracycline, metronidazole, bismuth subcitrate). These animals and controls that 
had been given saline instead of triple therapy were then challenged with a living 
culture of H. felis. All challenged animals were assessed for H. felis colonisation 
by rapid urease testing of gastric tissue and histology. 
Results 

Parenteral immunisation of mice with living cultures of H. felis induced a very high 
level of serum IgG, significant IgM and IgA could be detected in the bile. Serum 
responses post oral infection were much less and developed slowly. 
Hyperimmunisation of mice with an intravenous injection of a live culture of H. 
felis had no protective effect on gastric colonisation. In contrast, in mice cleared of 
infection with H. felis by administration of a one month treatment of antibiotics, 
some effect on rechallenge was seen. Colonisation was significandy delayed, with 
numbers of animals showing no urease reactivity for up to 10 days after rechallenge 
with an inoculum of H. felis that always gave 100% positivity in normal animals. 
Conclusion 

Parenteral immunisation with H. felis gave absolutely no protection against gastric 
colonisation. The same is likely to be true for H. pylori. However, preliminary 
experiments show that previous oral infection with living bacteria did appear to have 
some effect on reinfection. Further experiments are in progress to assess the value 
of oral immunisation against infection with gastric helicobacters. 
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Development of a vaccine against Helicobacter pylori: 

a short overview 



Rino Rappuoli, Massimo Bugnoli, Paolo Chiara, Antonello Covacci, 
Roberto Olivieri, Zhaoying Xiang and John L. Tdford 

Aim; Coding evidence that gastric and duodena! disease is caused by Hrtrobzaer 
pylori infecrinn Miggws that this disease may be prevented by vaccination. W c 
therefore assessed the possibilities for development of a vaccine. 
Method; Survey or published studies. 

Present star* of development: Development or a vaccine requires identification of 
the factors iespoi*ible for bacterial virulence and disease induction and largfwal* 
production and testing of potential vaccine* in animal models. So far several factors 
involved in bacterial adhesion, colonization and virulence have been identified. 
Among these, the most promising randidates for vaccine development arc the 
adhesins, the vacuolating cytotoxin and uieaac. Utwse-based vaccines have shown 
some promising results in protecting mice against H. />/;< infection. 
Proposal* T(ht unique features of M. pylon infection and disease formation in man 
Suggest thar vaccina should be tested in models more relevant to human*, arxl 
that the vacuolating cytoto*iu <jihJ the cytotoxln-associated gene A (cagA) should be 
seriously considered as vaccine candidal This hypothesis is supported by the recent 
observation that only the subset of strains that pioduee the vacuolating cytotoxin and 
cagA are associated with disease. 

European Journal of Gastroenterology & Hepatology 1993, 5 (Suppl 2J:i7b-b78 
Keywords; Vaccine, cylotoiin-auooated gene, vacuolating Cytotoxin. Helicobacter pylnri 



Introduction 



The strong correlation between Helicobacter pylon in- 
fection and the incidence of gastritis, peptic ulcci an J 
gastric cancer h3S provided conclusive evidence thar 
this infection U a major factor in the genesis of gasn ic 
diseases. Vaccination is the classical way of prevent- 
ing infectious diseases and therefore it is important to 
study this possibility of controlling H. pylori infection 
The development of a vaccine needs four major steps. 

(1) idenri firarion of the factors required for virulence, 

(2) Urge-scale production and characterizauon of the 
vimlenre factors, (3) development of appropriate ani- 
mal mocleb to test the virulence and immunogeniciry 
of me molecules identified, and (4) identificauon of 
the type of immunity able to prevent infection and 
oWa*p 



identification of virulence factors 



Many virulence factors of //. pylori have been identi 
fied during die last 10 years. These include factors in- 



volved in adhesion of the bacteria to cukaryoric cells, 
toxins and associated proteins, flageila. urease and 
heat-shock proteins. 

Adhesirts 

Several factors involved in bacterial adhesion Iuv c 
been characterized and some of them hav* r>?en 
cloned. These include molecules with weight* of 
19600, 20000 and 63000 11—31 that are candidal for 
inclusion in experimental vaccine*, in ordci tu evalu- 
ate their ability to induce antibodies able rn prevent 
the bacterial adhesion to the mucosal suifacc. 

Vacuolating cytotoxin and the cytotoxin-associated 
protein (CagA) 

The molecule that is h*Iiwed to be a major factor in 
H. pylori pathogenesis is the vacuolating cytotoxin. 
This is a protein wirh a molecular weight of 95 000 mat 
is found in bacterial cukuic supcmaiancs and on the 
external surface of the bacteria; it induces vacuolation 
in Hcla cells or cxhei cell lines of epithelial origin, Ihe 
cells allected by the roxin form large cytoplasmic vae 
uoles and die widiin a few days. Formation of the vac- 
uoles can he inhered by the antibiotic banlornyein 



$74, 



From the Immunobiology Research lnuif».f# S«e*a, hily. 

Reou«u k» reyrino to: Or Rino Rapouo),, lrr^unob*0(0£v Research Institute Siena. Vu ftnttntin* 1, 53*00 luly. 

(5> Current Science ltd ISSN 0969-9163 



"]0'97 15:58 FR C 1 5^. URGENT 5ERUICE 



1703308451E 



P. 04/05 



H. pylori vaccines Rappuoli ef a I. S77 



Al, a specific iiihibitoi uf eukaryotic vacuolar AlTasc, 
s»igg<»sririg th?t vacuole formation requires direct or 
uiuiiect acuvaiiua of the vacuolar ATPase enzyme, 
which pumps protons into the lumen of the vacuole 
[41 

Itecently, it has been shown that oitly a subject of //. 
pylori isolates are able rr> induce vacuole formation 
These strains pioducc and >ccTcte iit ilic supernatant 
the arrive ryrornvin, a monomer with a molecular 
weight of 93 000 (5). Extracts of cytotoxic strains in- 
duce th* forma r ion of vacuoles not only in Hela cells, 
but also in ilie stomach of experimental animals, sug- 
gpsring that the cytotoxin is an active disease factor. 
Cytotoxic M. pylori strains also produce a surface-ex- 
posed protein of unknown function with a molecular 
weight of 128000. This protein, cytoioxin-associated 
gpn#> a (CagA), varies in siie in different isolates [6,7], 
The sequence of the protein is well conserved and 
the difference in si2e is due to the duplication of a 
segment of 102 base pairs which encodes for ilie inost 
hydrophilic portion of the molecule. CagA. is the most 
immunogenic antigen of rY. pylori and die sera of in- 
ferred subjects have high levels of antibodies against 
iL Analysis of sera lias shown dm 100*6 of patients 
wirh duodenal ulcers and 60% of patients with gas- 
uic ulceu luve high levels of aiuiboUies against CtgA 
(S) This observation strongly suggests that disease is 
caused only by the suaim dtat uioduce die cytotoxin 
and CagA, and shows that CagA is a marker for cy- 
totoxic, disease-associated suains. H. pylori isolates 
can therefore he classified into two major categories, 
the cytotoxin- and CagA-producing strains, which arc 
virulent and induce disease, and the non-cytotoxic 
strains, which are not associated with disease. 

Urease 

The urease enzyme is produced by all strains of H py- 
ior% and helps die bacterium to neutralize die acidity 
of the stomach in order to survive these hostile con- 
ditions. The enzyme is also present in odicr species 
of Helicobacter and is well conserved in the different 
species. It lias two subunits widt molecular weights 
of 64000 and 30000 which are awmhl«H m a high- 
molecular- weigin molecule containing two ling-like 
sin ( tcn»res. each composed of six monomers of one 
of die subunits l?L 

Flagella 

H. pylori produces polar sheathed flagella, which are 
essential for the bacterial mobility that allows pene- 
tration of the viscous mucous layer coating the gastric 
mucosa, i he flagella consist of two subunits (f laA and 
FloB) with molecular weight* of 51000 and 53000, 
respectively, ihe central core of the flagella is com- 
posed of polymerized FloA subunits surrounded by a 
membrane-like structure containing proteins and lipo- 
polysaccharide (101. 

Heat-shock protein 

A protein homologous to the rispoO family has been 
punned from voter extracts of M. pylori This and 



gen is luglily homologous to the human homolog 
and induces antibodies that may react with the self 
molecule, suggesting a potential role in disease (ill. 



Production and purification of virulence 
factors 



One of the limiting steps in studying the virulence of 
H. pylon is the difficulty of growing the bactenum 
on a large scale and of purifying large quantities 
of antigens. I he bacterium grows very slowly under 
micro aerophilic conditions in the presence of scrum, 
a medium full of exogenous proteins that makes 
antigen purification difficult. In order to overcome 
these problems we have developed a new serum-free 
medium that allows us to grow the bacterium in syn 
thetic medium containing cyclodextnn 111), we can 
then grow the bacterium in fermenters and collect 
large volumes of supernatant and cell paste. lTie avail- 
ability of these material* has allowed, for the first time, 
large-scale purification of cytotoxin, CagA. urease and 
Hsp60. These molecules are now being tested in vitro 
and in vivo to help determine their contribution to 
pathogenicity and immunity. 



Animal models and vaccine development 

M. pylori is found only in primates such as man, 
macaques, cynomolgous monkeys and baboons. 
Therefore, these animals are the only relevant models. 
However, given the limited number of experiments 
chat can be performed in monkeys and man, the high 
costs and the long time required for the exr>enments, 
alternative models are needed. For the moment, the 
most popular model is H. felis, a strain that is easy 
to work with because it infects mice. However, the 
results coming from these experiments must be inter- 
preted cautiously because although a. fills produces 
urease, it does not produce the cytotoxin or the CagA 
amigen. N*e are at present investigating the possibUiry 
of infecting mice with virulent H. pylori strains and of 
mimicking the symptoms of the disease using purified 

H. pylori antigens. 



Conclusion 

The observation that most gastric pathologies are as- 
sociated with H. pylori infection suggest that vacci- 
nation may be successful in preventing infection and 
disease. To test this hypothesis, several antigens have 
been identified as candidates for inclusion in experi- 
mental vaccines. These are the vacuolating cytotoxin. 
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CagA, urease, [he fla*ella and the adhesins. Thes* 
antigens are being tested in animal modeb. 
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H. pylori associated disease in- 
volves host and bacterial factors 

Martin Blaser, Scoville Professor of Medicine and Professor of Microbiology and 
Immunology at the Vanderbilt University School of Medicine, Nashville, USA is a familiar 
name to those in the field of Campylobacter and Helicobacter research. He recently spoke 
to HPWW in Sydney and participated in a symposium at the European Digestive Disease 
Week in Amsterdam in October speaking on pathogenic mechanisms involved in H.pylorl 
infections. 




H pylon associated disease tm 
host and bacterial factors 
interview with prof VI Bias* 




n pylon ts a bacterium that the host 
cannot eliminate". said Blaser "A rnticaJ 
factor 15 its ability to live in the lumen of 
:he stomach without needing to invade tis- 
sue • ti has succeeded where most i{as- 
'roiniesunal bacteria have failed. The host 
relies on acid, peristalsis, mucus and tight 
•jnctions to eliminate organisms from the 
stomach H pylon not only avoids these 
host defences but mutates disease proces- 
ses that can result in peptic ulceration and 
possibly gastnc carcinoma.* 

Blaser proposed thai the pathogenic 
mechanisms be divided into three groups: 
bactenal virulence factors, autoimmunity 
and what he terms the innocent bystander 
theory. 



i! v i r uW'ncr f,K tor. 



a large number of putative vtrukn- 
ce factors have been suggested, increasing 
attention ts focused on the cyiotoxin and 
the urease. 

H.pytort is known to produce a town that 
causes cell vacuoLatlon In vitro and this 
vacuolaOon la seen in vivo 'We have 
recently shown that people who are inlec 
ted produce neutralising IgG antibodies 
against the cvtotoxin - that means that the 
cytotOJOn ts produced in vtvo*. said Blaser. 

by Blaser s group has shown that 
Antibodies to a t28kDa cvtotoxin- associa- 
ted protein, are seen in 60** of patients 
with gastrins but tn 100% of duodenal 
ulcer patients. This agrees with earlier 
work by Ftgura and colleagues who showed 
a higher frequency of cytouwm- producing 
strains of H. pylon in ulcer patients. There 
may be s group of H. pylon strains that put 
individuals at a higher risk of ulcer*, 
suggested Blaser. 

Dr Timothy Cover is currently purifying 
and characterising the cytotcuon. Most 
people And that about. SO-60H of strains 



More and more Heticooactf 
6th international Workshc*; . 
Campylobacter. Heitcooacre* . 
related organisms 
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Pro/ v» Blaser 

express the cyiotoxin. Once we punfy the 
protein and clone the gene, we will know 
how many strains have the gene." 

Blaser stressed that the cyiotoxin and the 
urease art quite distinct. Ml is clear to us 
that there is a urease effect and a cvtotoxin 
effect and they are independent and addi- 
tive tn vitro. We have looked at urease - 
minus strains and they had cyiotoxin and 
induced vacuolauon. However ammonia 
augments the effect of the cvtotoxin." 

The Helicobacters are the most potent 
producers of urease known", pointed out 
Blaser. Recent work has shown thai at 
least nine genes are required for structure 
and reguiauon. Tm impressed by the num- 



Calendar 



ber of genes required for the reguiauon of 
urease. Obviously this activity is very 
important to the bactena as it devotes so 
much metabolic energy to the production of 
urease. One of its functions is tn acid buf- 
fering and facilitating colonisation - we are 
not yet certain what else it does.* 

The roles of other H.pytort enzyme* such 
as the muclnase. oxidase, catalase. alka- 
line phosphatase and phoapho lipase are 
not yet clear. "Whether these eruyrnes are 
just performing housekeeping functions or 
are virulence factors for the bacterium, we 
don t know.* 



connnued on pogt 2 




Changing views or duodenai . 
treatment 
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I he uuie may have a role in pathogen- 
esis quite unrelated to its enzymatic activ- 
ity" suggested Bluer. The Lrulammauon 
educed by H pylon may be perturbing gas- 
tric physiology. Hoar doe* a non invasive 
organism cause inflammation? 
"Urease ts on the surface of H. pylori and 
there is evidence that It and other surface " 
proteins can be shed from (he organism 
«nd adsorbed into the Lamina propria. We 
aJso know that in vitro. H pylon supema- 
unts are chemotacoc for both monocytes 
and neutrophil* and this effect can be 
blocked by antibodies to the bacteria or to 
ureas*. An N-termina] peptide of the urease 
appears to be responsible for the chemo- 
tacuc activity*, said Blaaer. 

I hese mononuclear cells are activated, 
producing superoxide and cytokines such 
as tissue necrosis factor and inierleukin I. 
Cytokines are known to stimulate gastrin 
production and the inflammation per se 
may be producing the hypergaatxinemla 
«tn in H. pylon infection*, speculated 
B laser 

This recruitment and activation of inflam- 
matory cells may result in a positive feed- 
back cycle, releasing nutrients for H. pylori. 
Blaser suggested that there are suppressor 
mechanisms that are trying to down -regu- 
late this inflammation. *lt is this inter- 



change between suppression and inflam- 
mation that ultimately affect* gastrin 
secretion and parietal ceU function. This 
interchange may finally result in a diseased 
gastrointestinal tract, just as the innocent 
bystander may be caught in cross fire 
berween warring parties.* 



Autoimmunity .ind he.it 
shock proteins 



The Sydney meeting saw the report of a 
close homology between a surface-exposed, 
immunodominant H. pylori protein and a 
human heat -shock protein. All organisms 
from bacteria to mammailan cells have 
heat shock proteins, which are normal 
house- keeping proteins that respond to 
stress. These proteins are very highly con- 
served, both structurally and functionally. 

"The heat shock protein that we Identified 
with Bruce Dunn is in the chaperorun class 
of heat shock proteins • chaperonlns are 
involved in the folding and transport of pro- 
teins. From our limited sequence data, the 
heat shock protein resembles the human 
heat shock protein, hsp 60. expressed on 
epithelial cells. We know that there is ana- 
genie cross- reaction between H pylon and 
a lot of other bacterial heat shock protein* 
which have been shown to cross- react with 
hsp 60 We haven t done the direct experi- 
ment yet but it is likely that it wUl crosa- 
react.' 



£*rtjer evidence that autoimmunity might 
play a role came from work by B Rathbone 
who showed that a monoclonal antibody 
raised against H.pyton reacted .with 
healthy gastnc cells. 



^A/e know that duTerent people nave dif- 
ferent outcomes after infection. Most peo- 
ple have asymptomatic infection, some 
people develop duodenal ulcer, others gas- 
tnc ulcer, others atrophic gastrin*. The 
fundamental question is what is the deter- 
minant of each of those outcomes', stress- 
ed Blaser 

The age at which infection ts acquired Is 
almost certain to be one of the determi- 
nants, he agreed. In addition, there may be 
carcinogenic strains or ulcerogenic strains 
of H pylon. The outcome is most likely to 
be due to a combination of bacterial factors 
and host factors.' 

H.pyton affects both the antrum where 
gastrin is produced and the body where 
acid is produced. According to Blaser. 
There must be a functional balance 
berween the antrum and the body • in some 
people, the balance ts disturbed in one 
direction or the other. I think it will be very 
important to charactertae this phenom- 
enon because that might determine who 
gets ulcers and who doesn t.* 




M I4 

n pylon might be the first of a group 
organism* considered as slow bactervi 
suggested Blaser. drawing an anaJog} w>- 
the so-called slow viruses, such as iho* 
responsible for scrapie in sheep a/. 
Creuufekh -Jacob disease in man. These a*, 
ents are characterised by a long penod of tr 
feruon with chrome progressive pathology 

**This is a chronic infection as disuni 
from most bacterial infections which on. 
last a few weeks. The bacteria are act*- 
and the host is aware of it. unlike >nfec 
Hons such as tuberculosis or chickenpo* 
which become latent and then reactivate 
Paihogemctty should be measured not :r 
days but in years. ' Prof Blaser drew a iter 
uon to the limitations of ejepenmenta. 
models of disease. 'Something may be . 
real vuulence factor and cause damatr 
over the course of the infection. Out :s 
decades, but the level of the damage is ^ rr 
small so you can t appreciate it in a moo* 
that lasts for a couple of days ' 

"I 

In pathogenesis you always have 
remember that there are in vrvo events ano 
in vitro events and the two are r.-_: 
necessarily related*, cautioned Blaser 
"What you see ;n vitro is not necessarily 
significant.* 



6th international Workshop on Campylobacter. Helicobacter and related onanisms. 

October 7-10. 1991, Sydney 



More and more Helicobacters 

The first Helicobacter (then called Campylobacter pyiorfdls) was described at the second 
Campylobacter workshop in Brussels in 1983. These early days were remembered with a 
presentation to Robin Warren (Australia), the first to notice H.pytori in gastric biopsies 
"Twelve years ago. no-one would believe me that the organisms were there," he said ' 



The number of believers has , 

increased and many of them attended pres- 
entations and workshops on Heiscobscter 
pathogenesis, drug resistance, therapy. 
tmmuiMioaw. epidemiology, animal models, 
taxonomy and genetics, in Sydney recently. 

The number of Helicobacter species has 
now reached eight with desenpoon* at thia 
meeting of H.arinonyx from cheetahs with 
[aatrras | KA Eaton. USA). H.mundarum 
>m the intestinal mucosa of the rodent IA 
Lee. Australia! and Helicobacter strains 
from the faeces of terns, guils. house spar- 
rows and pigs (J Fox. USA). 

It appears that what was initially thought 
to be a homogeneous group confined to the 
stomach ts heterogeneous In terms of habi- 
tat, ultrastructure and physiology. Some of 
these species are urease -negative so urea- 
se- posiuvity can no longer be considered a 
valid uuonomic marker. The only shared 
feature seems to be the presence of sheath- 



ed flageUa. This heterogenecity has sumu- 
Uted study of the genetics of Helicobacters 
and the development of genus- and spe- 
ctes- specific probes. 



Highly v.iruble ^nomt' 



The Helicobacter genomes are small, 
extremely variable and subject to natural 
transformation. Understanding the genet- 
ics allows the construction of specific 
mutant* that should help clarify the role of 
various H.pyton products. 
Many of the genetic studies have focused 
on the urease, which has been shown to 
have two structural genes, two regulatory 
genes and five other genes (A Labigne. 
France!. 

R Ferrero I France) reported the construc- 
tion of stable genetically engineered urease 
mutants of H. pylon, affected either in the 
structural or the regulatory genes. Urease 
mutants were also constructed by L 



Tompkins and coworkers OJSAJ who 
reported mutants with inactive or tempera- 
ture sensitive ureases or with very low 
urease activity. 

Molecular biology can also be a valuable 
epidemwlogical tool. Examination of the 
restriction enzyme digest patterns of the 
nbosomal RNA genes revealed 77 different 
rtborypea from 100 patients fW Tee. 
Australia!. Sequential isolates from the 
same patient revealed identical patterns 
confirming that infection with a particular 
strain persist* Such a method provides a 
highly discnminatbry ryptng scheme al- 
though it is unsuitable for routine labora- 
tories. 

Molecular biology can also aid in detec- 
tion of very small numbers of organisms as 
demonstrated by TU Westbtom (USA! who 
detected H pylon in 1/5 saliva samples 
from H. pylon- infected patients using the 
polymerase chain reaction. 



Whjt does the urease do ? 



I he urease ts likely to be important ; 



mloruaaoon. although 



urease- negative 



mutants do colonise, even though infection 
la delayed. It may also be an important 
source of nutrients. 

P oaluve corretaoonj berween the numbers 
of H.pyton and the extent of gastnus. and 
between gastritis and the level of ammonia 
in the gastric juice, lend support to the idea 
of ammonia as a pathogenic factor S 
Takahashl. Japan! 

Studies reported with a -rease inhibitor 
are discouraging lor Jiose *ho see :ne 
urease *» * therapeuuc '.arget fluro- 
famide. the most potent >pecUlc urease 
inhibitor yet desenbed. jooiisnes the j\ 
vitro tolerance of H pylon to jcid :n ;he pre 
sence of physiological conrrntrauons oi 
urea IAA McColm. UK) However in wo 
studies m ferrets and monkevs show no 
effect on the organism despite considerable 
urease inhibition. The authors suggested 
that the inhibitor might miv effective 
during initial roloruaauon Junng sactenai 
transit across the lumen 

One of the most interesting .—pons con- 
cerned the identification ji an H p*;on pro- 
tein homologous with :ne -.-man heal 
shock protein, hsp 60 1 8 Ou.v. .SAJ This 



Antibiotic concentration d 
mucosa important 



major surface exposed protein in H pviun 
is highly immunogenic IB Dunn. LSAJ The 
authors suggested that the H pylon protein 
lontnbutes to gastric injury by stimulating 
T cells which cross-react with similar 
Jeterminants present on endogenous heat 
thock proteins from stressed host cells 

H pyton produces at least two classes 01 
jdhestns. a shared adhesin and hemagglu- 
tinins of different specificities (P Doig. 
Canada). The authors suggested that these 
Jdhesins offer goals for therapy by immu- 
nisation to provoke an Immune response to 
H. pylon adheslns: competitive inhibition 
*nh synthetic adhesln peptides: adhesin 
receptor megaiherapy. 

An interesting study thai may gjve some 
clues to the factors influencing colonisation 
was presented by N Coitro (Australia!. 
Although H.mundarum is normally found 
tn the ileum of infected mice, changes in 
the gastric environment due to colonisation 
with H.felis or Chomirus allow it to coloni- 
se the gastnc mucosa. 



Many new serological kits were evalu- 
ated, including second -generation kits 
•J sing combinations of purified antigens. It 
was stressed that serological assays need 
io oe standardised and validated in each 
population. 

the immune response may help the 
clinician in diagnosis or in monitoring ther- 
apy, it does not appear to greatly benefit 
:he host. The immune response doe* not 
limit infection (although no systemic infec- 
tion occurs! but may prevent reinfection. 
However higher IgA levels were observed m 
patients with less iriflamrnauon. sugges- 
ting that specific IgA could be In some deg- 
ree protective against tissue injury in 
H. pylori infection (CI Perez- Perez. USA) 

Immunisation does not appear promising. 
Parenteral immunisation of specific patho- 
gen free mice with H fells gave no protec- 
tion against gastnc colonisation: previous 
oral infection only delayed colonisation 
IK Heap. Australia) Although Intrs-Pevers 
patch immunisation of killed H. pyton in 
rats shows that the gut mucosa can mount 
a vigorous immune response, oral Immuni- 
sation with either Uve or killed bacteria 
induced no significant scrum or saliva anu- 
body response (M DunUey. Australia! 



AA B laser (USA) warned that because of 
the possible autoimmune component of the 
disease the wrong vaccine could actually 
make things worse. 



Helicobacter mustelae 
isolated from faeces 



Further evidence for trans mission 
within the family came from H Mitchell 
"Australia). Serial serum samples were 
'.aken from children from a low- income 
Area in Mexico City. By the age of 5. 50** of 
children had H. pylon in u bodies with the 
highest frequency of seroconversion 
between 5 and 1 3 months. 

The faecal -oral theory received support 
from data from J Fox s group lUSAI 



-Mowing isolation ol H muslelae and ilher 
Helicobacter species irom the faeces <»f 
24/26 9- 10 week old ferrets. Negative fae- 
. al cultures from the same animals at 20 
■n-cks suggested that organisms were onlv 
>hed during the period ol transient hvpo- 
• nlornydna tollowing natural infection 
1 1'iwever H ntuolrl.ie wrre jlso isolated 
irom 3/4 8 month old ferrets. These obser- 
vations suggest a number of possibtliues. 
ferrets with acidic pH can shed the organ- 
ism: H mustelae -associated hvpochlorhvd- 
na can exist for longer periods of time in 
selected ferrets or H. mustelae is shed in 
the faeces intermittently. 



->■> ii ihan in rural r3«*-t populations, tug- 
^e-ting increased probabilirv ol person to 
person spread due to high city population 
density 

H fe lis survived in mucosa) >cntpin«s for 
5 days at 22 degrees and 2 weeks at 40 
■lfi«rees without losing inter: ivk\ iKS Dtker 
Turkey) 

Australian i(asiroenierologists are 
obviously nervous about H pylon, and 
nghtiy » it seems. A second study on 
H pylon infection IM Schembn. Australiai 
in this group showed the prevalence of 




Earlier suggestions that water supply was 
a source of tnfecuon were not contlrmed by 
H Mitchell lAustrallal who found from stu- 
dies tn rural and urban regions in 
Southern China that water source was not 
j significant factor m H pvlon injection 
Infection was significantly higher in urban 



H pylon tnfecuon to be significantly higher 
:han in general physicians, gastroentero- 
logy nurses and a control population. 
Prevalence increased with years of practice 
*ilh of gastroemerologist* who had 
practised for more than 10 years having 
H pylon anubodiesl 



The .-nam :ssues addressed vun*- 
•herapv included in vitro trnstmm • 
•he rr,le >l m id -oppression .n : I 
-rjdicauon and -.r-.e pnarmaeolug} 
not ics and bivnutn impound a-: 
ar!v murowi Jr.ix^rv ,md ne«i 'jr 
'.herapy 

Y Clupcrynsw -B«:<jumi pointed . . 
in vitro testing ihould jntv be jse»: 
I rtrst icreen - :?v>tjniT pmoablv 
I poor clinical ouuynf .vn , .n-:.- 
do not reflect the ir-* . ;r.c?r.!ra::or , 
mucosa nor local c:r.j t ;iuns ii -r.r - 
infection. 

A number of those present :-it 
contrary to the Working Pany s c-,r. 
*'e recommendations to only treat 
ulcer patients with complicauon ..- 
quent reUpse. all duodenal Jleer 
should be created. Once the comp::.;..-. 
have occurred It is too late. 

The trend to shorter vestment m-r. ■ 
was illustrated by a report of *7*- ?ri : 
uon after 4 days of De Sol. tetracycjR- , 
umdazole fYGIupcanski. Belgium) 

The importance >l uhe :<xil ~ .r.t. 
Hons of anubiotics *as iil<lr?<i*e<* 
antagonists may .-.crease .to- 
concentrations. Omeprazole *-::e 
rtTecuve m eradicating H p\:or. -r.ji 
enhance antibiotic riflcacv "jv r.c:~*- 
the local concentration and ac::-.:i*. 

W 3ar iCermanvi -.r.owed 
compounds reduced electron :low .r.c 
tmg that the respiratory (.nam is :he a.-. 

are the future options lor :r.?n 
Current triple therapy may be -mprovet; 
pH control and manipulating dosages i 
formulations. There is a need :o -.n : 
stand the prurmacotogy of the *av 
mucosa to improve drug penetration \ 
goals for therapy include altering mc':.. 
preventing adhesion and neutralising 
cyiotoan. 

A novel intervention strategy *3s ...c.- 
ted by work from D OC^r.nor md \ 
•Australiai who show*d :n r.:* :"trst :-— 
stration oi bactenai inierer-nce r. . 
tnc mucosa :hat f, n L .m.r.i» !.-.^.. ( . 
H felis from the stomacr.* i .r.\c\\t^ rr. 
Treatments that do r.ot 'e.ir H p\ '.r. r 
humans do not eraoicase H t :m :-. 



An ad hoc committee was formed in 
Sydney to develop spcoAc guidelines for 
tn vttro •uaeepobdlty tesang that can be 
accepted by til researchers tn the field 
If you are tnutresud please contact; Or T 
Ulf Weathloxa. Dtvtsioo of (a/ecoous 
Si. Louis Unrvrrsfly School at 
1*02 S. Grand Boulevard St 
MO 63104. . USA or Dr V 
C^upcaynakL Brugrnann L'ruvemry 
Hoapnal A Place van Gehuchten. 
Bniascia 1090 Belgium. 



Gastric cancer link with H.pylori 
becomes stronger 

Two papers recently published in the New England Journal of Medicine have dramatically 
strengthened the hypothesis that past infection with H.pylori considerably increases the 
risk of gastric carcinoma. 



In the last issue of HP Worldwide, the first 
prospective study (by 0 Forman and cot- 
leagues I linking pnor H.pylori infection to 
subsequent development of gastric cancer 
was reported. The latest studies (n larger 
groups and tn different populations have 
::ow confirmed and extended these initial 
': ridings, 

In the Cjlifomian study i Par sonnet et all. 
1S6 patients with gastnc carcinoma were 
-Hected from nearly 129.000 individuals 
->llow.ed since the 1960s at a health main- 
tenance organisation. The mean interval 
■-eiween serum collecuon and diagnosis 
;4 2 >ears. Comparison of these 
uatiems with matched controls showed 
:tat -Mi of ihe 109 patients with con- 
::rmed gastric adenocarcinoma had been 
..i fee ted previously compared with 61 H of 
he controls :odds ratio. 3 61. H pylon 
.:-.:ei-:ion was a particularly strong nsk fac- 
* >t for women (odds rauo. !8. and blacks, 
'i \ history of peptic utcer disease was 
•-.piumfiy associated wim subsequent gas- 
r.c .* oncer. 

The luthors conclude ihu individuals 
"•roDo-Mtive for H. pylon were approximate- 
T.ree times more likely to have gastnc 
..rvrr :n the ensuing 1 to 24 years ol fol* 
w.- : p -nan matched controls. 

.ynirast to earlier studies from 
:'• irionnet s <roup which suggested ihat 
ntestinaj ;vpe cancer but not the diffuse 
v-pe was linked to H.pylori infection, no dif- 
terence was seen between the odds ratios 
for the rwo types of cancer. 



Is early infection important > 



Only a very small proportion of infected 
person* ever develop gastric cancer and 



Parsonnet et al suggest ih.it to increase the 
r.sk Jt cancer H pylon inlection must 
begin tn childhood. W Haenszel and co- 
workers had already shown in 1972 thai 
the nsk ol gastnc carrinoma was largely 
determined by environmeniaJ lactors in 'he 
first few decjdes ot life H pv inn :n lee: ion in 
childhood is well knou-n :o be more com- 
:nor. in high -nsk populations 

H pylon :s a plausible paihopmsiologic 
t ractor !br rancer. araue Parsonnet et jI 
Metabolic pr-xlucts -it -he Tsjni»ni* may 
Jirettlv transform :he mucosa, rapid turn- 
iirr -)f (ells resulting from .nfrrnon-in- 
'luied .niurv mav increase the r.sk .il DNA 
Carnage. predtspo-»in« the mucosa to trans- 
'ormauon hv :r.geMed . } r -v.ciogenous 
mutagens: endogenous byproducts ji 
inflammation iuch is superoxide .ind 
hvcroxyl ions mav <- 3us * oxidative Jamage. 
mutation, and maii«nant transformation. 
Chmnic inflammation in other <rgan -»vs- 
:ems has Seen iir.ked with on increased 
. oncer n>.k. e g jlver itivr rolitis and colo- 
rectal carcinoma. 



High-risk population 



The >emnd paper i^-.i^s m a ^iouti 
^astnc ■ ancer huh ns* population A 
Nomura and coworkers examined serLim 
samples collected between 1067 and \y7Q 
Ircm 5908 Amencan men if .'oponese 
inceitry in Hawaii, bv 19^9 .09 < oses n 
pathologically confirmed gastnc carc.noma 
had been diagnosed 94**> ol '.hese were 
pc si live for H pylon antibodies compared to 
76** of the matched controls iodds ratio. 
6 01 As in Forman s study '.here was a 
progressive increase ;n rie rr>h of gastnc 
carr:noma as the level >,\ a p\ Son .inubodv 
tncreased 



Association of H.pylori 
with gastric cancer 
beyond reasonable doubt 



These bindings attracted areat interest at 
:ne recent conferences .n Sydney and 
Amsterdam. 'Gastnc cancer now belongs 
n *he spectrum of diseases thai are asso- 
ciated with H pylon .nfection" said Or 
Oaxtd Forman <L'K>. spealung at 
European Oigesuve Disease Week 
Amsterdam. 



the 



While atrophic gastntis has Jong been 
associated with gastnc cancer and epide- 
miological ilata have supported the idea of 
in association with H pylon, the publica- 
:«on of three follow-up studies in different 
populations has "changed '.he situation 
iromaucolly" said Forman. 'It is now bey- 
>nd reasonable doubt that tnere :s some 
.•»-..V !jiii>n between H pylon and gastnc 
ar.cer " 

P »s,ible properties i( H pylon that are 
relevant to carcinogenesis include sustain- 
-'J :r.f1arr.mation. cytokine expression, 
hvpo* rtlorhvdna. reactive oxygen mterme- 
liate> decrease tn <astne ;uice ascorbic 
ac:il and monocyte and macrophage activa- 
tion Forman drew attention to the work of 
Sonala and colleagues (reported in the last 
:s>ue >t HP Worldwidel. showing a decrease 
m 'he amount of ascorbic acid tn <astnc 
■ uire with H pylon infection *H oyion not 
nlv -wems to be involved :n tteneraung car- 
• inn*ens in the stomach* said Forman "It 



i:so oppresses .r.r..oi!H.n ,l - r .r 
iv -a:urai antniXiSonts -m« n 
»cid rhe »rt:re m»xl^! 'f^ast.-ti w 
partir-j.artv 'he *:tr. ::e*ar. j^- 
ioiru to have to 3e .-?!hoi.ir.t " 



Both groups ot investigators -stimate that 
approximately 6CK- of <asmc carcinomas 
:n the populauons studied could be preven- 
ted if H pylon infection were eliminated. 



■ Firman stressed -Mat -.ir.rr 
are -.nvotvo; .n -r.e ir.-.vpiiifr.i 

in*--r Strain auferenr es re;j-. 
■)le :cr t.p tr.'.r r* r .i li rr.r* - 
■r *a>tnc - jnr-r .- Jf 
.ddr^s^d ni . .c >.>-., r^.e -.-.-j. 
":on 'rte ; - r (l 

it nic-uon ,r.n> ... >;-t ir 

ind riisioIog\- ,.-:u pnrr'.arv pr-\ • 
iniecnon 



Ihe next itrp .n -t*.e rr..,.r. t --i:<*-. 
obviously an ..-:er-^n':.n 
wnether pre-.r.-:-..; n 
incidence ">f gastnc jr.rer 

^^ne such T.ai .urrentiv ..-<*rr ^i. 
being earned >ut :n '. T.er_e a -. 
International .\«;encv :->r ~ e van - 
Cancer tn association *:in \-,e A 
Health Oraanisauon The ,*ndean c - 
Uun Amenca is -ine ;f -.-.e - 
areas in :he *orld for iastnc rancer 
tnc cancer :s -he leading cause >t lea-r 
cancer :n Venezuela .\n -\iensi\e 
;n^ program Has been .p<-ra:.ng - 
-arty !9*Os 

The j;m .i , :-■ 

* nether r.ter-nt.or. ;-, — 
anuox:dant r- i rr.**r.t r -: i 
H pylon, --an * ,r --.- r .^ - - 
sion of -uprrtti ^.i>:r - .> t ' ~ < 

metaplasia ,">..-» -f"x> ; »•-,.. -r- 

:o represem i ■ r.::::^-,m • - 

r.crrr.al to ^ancfr 

Most dtetar.- ^ „j;-s .,- ; 

protrttive -tVct -i a t.et : - 
• eaetabies jnd :r.:<, prr^-te'. r.e - .■ 
:or the -jse of 'he int;ox;ca.-."* - tr 

ne and vitamins E ar.d C 

Subiects *nth j :;aintj>.+ j : • 

above .rstens Ail! r>e -a;: • 
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receive either wu-H pylon treatment or 
placebo. At the completion of this phase, 
'he two groups will be further d hided into 
•f-.o^e receiving xnttojoiUnr treatment or 
place do Because of ihe >low progression o( 
prrtoncrroui lesions, results wtll not be 
tvailable until 1995/6. 



Is gastric cancer 
an infectious 
disease? 



In An editorial accompanying the two latest 
papers in the New England /oumaJ of 
Medicine. Or P CorTea (L'SAI poses the pro- 
voome question. Is ^astnc carcinoma an 
mlecuous disease^ The cause of ^asmc 
'-ancer :s almost icnainly mulnfac tonal, 
oav* Corrra Three (actors appear to be 
dominant, H pylon intection. excessive *alt 
muke jnd a dirt low m Irrsh (runs and 
•-<• He tables. Intervention -itudies currently 
■jnder w iV thould help to clarify the role 
plaved by H pylon. 

P jrvmnet J. Fnedman CD \\mderstetn 
OP Chan* Y Vo^elman JH. Orentretch \' 



Sibley RK Helicooacter pylon infecuon and 
'he nsk of gastric carcinoma. Sew England 
Journal ot Medicine 1991:325: 1127-31. 
Nomura A. Stemmerrnan GN. Chyou P H. 
Kato I. Perez Pern CI. Blaser VU. 



Helicobacter pylon tniection ^rxj <j«ru- 
carcinoma among Japans Amertran* 
Hawaii. \>w England Journal u . 
1991 J25 I IJ2 «S 
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Nomura et al 
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Highlights on important 
developments in research on 
Helicobacter pylori 



1 . Gran jm DV et al. 
''»•* nltlumn >il tnple :hcrapv io r.uiiiuiinr 
rcjiment irreleraied healute :n p.-!(tn(s 
•nih duodenal ulcer 1 1 51 

2* Bertram V.\ et al 
Pitients from South America had a more 
-evere ^istr.tis than did '.hose Irom North 
Amenca The neutrophil -.vas ihe predomi- 
"..un :r.:;.immatory rcll *ype m riouth 
Vmenran pa Lent > compared to the lym- 
;j!:otAte .n V>nn American patients The 
i;:thors ^jntiude :hat ;he ^eveniv and cell 



type oi H pylon associated gastrins are in- 
fluenced by ideographical factors that may- 
be -.imilar to those thai modify- infection 
rates .'or different geographical locations 
'I Mi 

3. Karnes WE Jr ci j| 
> c. logical dju Mt^eM ili.n mihni |).iurni> 
*nh atrophic body ^astnus. despite having 
-i low incidence o) current oven :nlection. 
have hem infected with H pylon in the pa si 
131 

4. /'ones S7M rt il. 

Pr.-^nce oi H pyu.n antibodies in rheuma- 
toid ..nhnns patients correlated strongly 
-AMh j previous history oi peptic ulcer dis- 
ease ind with :ne >eventv of N'SAlO-rrlated 
•U '.peptic -.vmptoms The authors -.ui^est 



that H pylon may have a definite role in the 
pathogenesis of symptomatic peptic ulcer 
disease associated with more chronic 
NSAJD uvagei21l 

5. Moms AJ ct al. 

Arthur Moms descnbes how ihe H pylon 
mkviion he ..< i|inrrd .uter • IrlilieratHv 
ingesting the organism was finally cleared 
by the use of tnple iherapy Gastritis 
resolved and serological values returned to 
normal 1 1 4) 

6- BlecKer L' et al. 

A case ts reported in a 15-vear old girl ot 
fat i<ue. pallor and syncopes, but no gaj- 
irointesnnal tymploms. due io H pylon 
jvtive haemon-hagic gastrins. On H pylon 
-radiration. >ymptoms disappeared [38) 



7, Oderda C ?t a; 

Recurrent abdominal pain. \-«-;c 
itsonaied with rec-jrr^nr .on;;: t : 
rhoea. ,\ ;he rr..;*i rr.mon -vnpi ,:r 
H. pylon infection in vhiidren ijne 
children have active uastr.ti* *hirn 
io br an early si ace -»1 mr •Iint.i'm' j: 

8. Sarosiek J et aj. 
The thickness oi the mucus :aver n ;i. : 
matenal from ihe duudem.m jn:rjrt'. 
corpus of H pvlon inircird >u0ir ( i^ 
•ngniAcantly thinner than irom i :r.tr-)i 
lectui tl 

9» Citnn SJ et aJ 

Oral immunisation n m;ie .r.d •(*——- 

killed Mpyion :r.duir.l 
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Changing views on 
duodenal ulcer treatment 

"All duodenal ulcer patients should now be offered H.pylori eradication therapy \ said Or 
Tom Borody (Australia) at a recent symposium in Amsterdam on 'The disease consequen- 
ces of H.pylori infection in man'. "I feel that in future H 2 -blodcers will form second line 
therapy." 



noi everyone agreed completely 
>ith Dr Borody * recommendation*, the 
:najoncy of the audience attending the 
Vk-mpoaium came away with changed views 
on how to treat duodenaJ ulcer. 

"C 

Jhould we now be concentrating on pH 
or Hp. on acid suppression or H.pylori era- 
dication*, asked Or Borody. There ts very 
little doubt that H.pylori eradication virtu- 
ally abolishes duodenal ulcer recurrence 
and changes the natural history of the dis- 
ease", he said, referring to follow- up stu- 
dies over six years. H.pylori has been 
shown to be the major causal factor in over 
94% of duodenal ulcer patients in his cli- 
nic. 

"C 

Suppression of acid by H 2 -blockers ts 
■-^physiological", pointed out Borody. 
'Relapse rates of 75-89% aAer stopping 
oierapy may necessitate cos try life- long 
Oierapy. On the other hand, eradication of 
H pylon aims to restore normal physiolog- 
ical condition*. Therapy is cheap, need 
only last for two week* and results tn acce- 
lerated ulcer healing and prevention of 
ulcer r 



Optimising tuple tht-Mpy 



How can triple therapy bt opttomaed? 
*What la important la the drug coacenm- 
Hon at the muni— ] surface*, explained 
Borody. The side effects arc probably due 
to systemic absorption at snubsooo. Indi- 
vidual doses can be lowered by increasing 
the frequency while at the same time in- 
creasing the local concentration by the use 
of -blockers or proton pump blockers. " 
Dr Borody reported that i n cr easi ng the fre- 
quency of triple therapy dosing to ftve times 
a day. halving the tetracycline concentra- 
tion and reducing metronidazole from 2SO 
to 200 mg. and adding an H 2 -blocker at 
night, resulted tn a significant reduction tn 
side effects without any effect on the rate of 
eradication, around 95%. 

Wh« is the future role of H 2 -blockers in 
duodenal ulcer disease? These drugs will 
still be used tn temporary treatment and in 
pain reduction during triple therapy', said 
Dr Borody. They will continue to be used 
as maintenance treatment where treatment 
has failed to eradicate H. pylori and may be 
used to optimise triple therapy by in- 



creasing the local concentration of antibio- 
tics.* 

How to treat patients in whom eradication 
has previously failed? Dr Borody uses a 
custom-built therapy based on drug sensi- 
tivity and achieves 70% eradication in this 
patient group. 'Metronidazole resistance la 
not a significant factor", he claimed. 'Era- 
dtcauon rates of 87% are sull achieved tn 
the population carrying resistant strains.* 

"I 

It is going to become unethical not to offer 
anubacterta! therapy to pauents with 
chronic duodenal ulcer", said Dr Borody. 

Dr Tony Axon ILK), co-chairman of the 
symposium, outlined other major unan- 
swered questions. If H pylon is so wide- 
spread why doesnt everyone have 
duodenal ulcer? How does the organism 
cause ulcer? What evidence is there that 
H. pylon may be responsible for gastric can- 
cer? 

Professor Martin Blaser (USA) spoke on 
pathogenic mechanisms involved tn 
H. pylon infection (see page II and the role 
of H.pylori in gastric carcinogenesis was 
reviewed by Dr David Forman (UKMsee 
P««e 41. 
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Dr Mike Dixon (UK) focused on those 
morphologlcaj features of gastritis that give 
some instgrjt into the natural history of the 
disease and disease associations. 

Acute neutrophilic gastritis ts rarely seen 
at biopsy. Three months aAer infection the 
gastritis has become chronic with tnflltra- 
tes of chronic infLammatory ceils. In only 
very few individuals does the gas tn lis 
resolve. 80% of those with gastritis go on to 
develop chronic pangastntu. which may 
develop into atrophic gastritis, both the 
prevalence and seventy of which increase 
with age. Intestinal metaplasia also 
increases with age. In wide-spread atrophy 
and intestinal metaplasia. H. pylon is no 
longer present. 

Chronic pangastntls with continuing epi- 
thelial degeneration is associated with gas- 
tric ulcer and atrophic gastritis is 
associated with gastric cancer. 'However 



the vast majority of subjects have no symp- 
toms*, pointed out Dr Dixon. 

The remaining 20% of individuals in/ected 
with H. pylon develop antral gastritis, 
which is associated with gastric metapla- 
sia, active chronic duodenitis and duode- 
nal ulcer. The occurrence of gastric 
metaplasia is not dependent on H. pylon 
infection but is more extensive in infected 
individuals. 'Gastric metaplasia appears to 
develop as a response to an increased add 
load', explained Dr Dixon. 

What determines which of these two pat- 
terns of inflammation occurs? Dr Dtxon 
speculated that tn individuals with a high 
tntx^iajc add output, the add in the corpus 
may protect against colonisation. Such 
individuals will develop an antral predomi- 
nant gastritis and may develop gastric 
metaplasia in the duodenum because of 
the high add load reaching the first part of 
the duodenum. Antral gastritis and gastric 
metaplasia have long been known as the 
two major rtak factors in duodenal ulcer. 

"The central feature leading to diminished 
mucosal resistance ts chronic inflamma- 
tion. The only way to reduce inflammation 
is to remove tts cause, to eradicate H.pylo- 
ri". concluded Dr Dtxon. 
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H pylon eradication also received atten- 
tion tn other sessions. 

"There ta no doubt that H.pylori has revo- 
lutionised our thinking about the etiology 
and treatment of duodenal ulcer*, said JJ 
Mlstewicx (UK), reviewing recent advances 
in gastroenterology. The prolonged hyper- 
gastrlnenua associated with H pylon infec- 
tion, the most common chronic infection In 
man . may lead to Increased parietal cell 
mass, hyperacidity and resultant gastric 
metaplasia in the duodenum and subse- 
quent colonisation of this gastric metapia- 
sta by H.pylori from the stomach', 
suggested Dr Mlaiewtc*. Triple therapy ts 
the only way to eradicate H. pylon', he said, 
'and the trend is towards shorter and 
shorter treatment regimens." A one week 



treatment regimen was reported by RPW 
Logan ILK). Duodenal ulcers heated * 
23/33 paoenu after only one week o/ trtpw 
therapy and 7 of the remaining I i vent on 
to heal after this week. The overall eradica- 
tion rate was 58%. 

Eradication of H. pylon should be coruud 
ered before surgery', reco mm en d ed RH 
Hunt (Canada!, speaking on the long-term 
therapeutic options for peptic ulcer dis- 
ease. 

Is H. pylon involved in the development vt 
refractoriness to H r antagonist treatment 1 
C Blanch! Porro I Italy I reported that 9t?% -t\ 
duodenal ulcer pauents resistant to ■* 
weeks full dose H 3 -blocker ireatmrn: 
healed after triple therapy compared :c 
31% after sucralfate. 8/9 patients who did 
not heal with sucralfate subsequently 
healed with trtple therapy. One month after 
healing, eradication of H. pylon was 43% <n 
the treated group but ml tn the sucralfate 
group. On the basis of these results 
Bianchi Porro suggested thai first tine ther 
apy with triple therapy instead of H 2 block 
era should be considered. 



ersdicaUaB studies have focused on 
Aiodenal ulcer. K Srppaia (Finland) pre- 
sented early restate showing that H. pylon 
eradication improves the rat* of healing in 
gastric ulcer. Healing was seen in 92% oi 
cases where H pylon was eradicated com- 
pared to 74% who remained H pylon -posi- 
tive. Relapse data confirm what has been 
shown in duodenal ulcer. None of the IS 
pauents who remained H pylon nega uve 
had relapsed after 33 weeks compared to 
14/38 who were H. pylon -positive. 



Direct v i s u a lis a tio n of H pylon on the 
human gastric mucosa was reported by T 
Kato and colleagues U apart), using an 
vtvo urease test. The patchy distribution or 
H . pylon on the mucosa has been a problem 
in diagnosis by biopsy. After premedication 
with famotidine or omeprazole to adjust the 
gastric pH. the gastric mucosa was sprayed 
with a modure of phenol red and urea by a 
tube inserted through the endoscope 
H. pylon -positive areas changed colour 
Biopsies confirmed the presence or ab 
sence of H pylon, with 2/37 false positives 
and no false negatives. 

Seeing H. pylon through the microscope 
may not be quite so easy. AH Chnstensen 
(Denmark) warned of the limitations of his- 
tological diag n oses of H. pylon mfrcuon by 
comparing the reproducibility of diagnoses 
by different pathologists. 
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Chapter 1 7 

GONORRHEA VACCINES 

John W. Boslego and Carolyn D. Deal 



ETIOLOGIC AGENT AND PATHOGENESIS 
Description of thc Agent 

Neisseria gonorrhoeae is the etiologic agent of 
gonorrhea. The bacterium belongs to the 
family Neisseriaceae, which includes both 
pathogenic (N. meningitidis) and nonpatho- 
genic (N. sicca, N. subfiava) Neisseria (1). The 
clinical manifestations of gonorrhea, such as 
genital exudates, have been described for 
centuries, but it was not until 1879 that Al- 
bert Neisser first described the organism in 
urethral pus (2). Neisseria gonorrhoeae was 
first isolated in vitro in 1882. 

Neisseria gonorrhoeae is a gram- negative 
diplococcus that grows on artificial medium 
at 37*C in a 5% CO t environment. The or- 
ganism is oxidase-positive and ferments glu- 
cose, but not maltose, sucrose, or lactose. 

Satisfactory treatment of clinical gonococ- 
cal infections was first achieved in the 1930s 
with sulfonamides (3). However, the organ- 
ism quickly developed resistance to the drug, 
which has been a recurring theme. Penicillin 
was introduced for N. gonorrhoeae therapy in 
the 1940s and was highly successful (4). In 
the past 40 years, however, the organism has 
continued to evolve and manifest a variety of 
drug resistances (5). Penicillin can no longer 
be used in many regions of the world, includ- 
ing parts of the United States (5). Close sur- 
veillance of antimicrobial susceptibility pat- 
terns is necessary since the organism 
continues to develop resistance to the drugs 
used for its treatment. 



Clinical Manifestations 

Neisseria gonorrhoeae usually causes a local 
mucosal infection, bu f . the spectrum of dis- 
ease ranges from asymptomatic carriage to 
disseminated infection. The primary manifes- 



tations are urethritis in the male and cervici- 
tis in the female. Neisseria gonorrhoeae in- 
f^cts other mucosal surfaces as well, resulting 
in conjunctivitis (neonatal and adult), phar- 
yngitis, and proctitis. 

Local extension of infection occurs in both 
sexes and is responsible for the major morbid- 
ity associated with gonorrhea. In men, the in- 
fection may extend to the epididymis, testes, 
or prostate. These unusual complications can 
result in sterility. 

In the female, local extension of infection 
is more common, and more serious. Often 
acting in concert with other organisms, N. 
gonorrhoeae causes endometritis, salpingitis, 
peritonitis (pelvic inflammatory disease, 
PID), and perihepatitis. These infections can 
result in tubal scarring with infertility and 
subsequent ectopic pregnancy, tuboovarian 
abscess, and chronic pelvic pain. Estimates 
are that up to 45% of the women who con- 
tract a genital gonococcal infection will de- 
velop PID (6). Infertility rates after a single 
episodes of PID approach 15%, and after 
three episodes, 75% (6). 

Disseminated gonococcal infection is man- 
ifested by papular or petechial skin lesions 
(usually on extremities), arthralgias, tenosyn- 
ovitis, and oligoarthritis. Rarely, myocarditis, 
hepatitis, endocarditis, and meningitis occur. 
Strains causing disseminated infection are 
usually serum-resistant and of a particular 
auxotype (Arg'.Ura" Hyx") (7). Patients who 
are genetically deficient in one of the termi- 
nal complement components are predisposed 
to repeated episodes of disseminated gonor- 
rhea (8). 

EFiOEMKXOGY/DlSEASC BURDCN 

Gonorrhea is the most commonly reported in- 
fectious disease in the United States (6). De- 
spite the relative ease of diagnosis and treat- 
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a6 , s 15 to 24 (6). II »« « ™ . h „„( , h e 

Keuaoie Rprause many ot tne 

wide are not ava.lab le_ Be cause resources 
less-developed countries lack in 
for early diagnosis, tre^nen* 
tracing, these reeions^ Epidemic 

and financial ^/^^^lygonococcal 

are an «*' mated r t° n ° s ;SerinTthe total number 
PID each year. C«Anng^ evaW tion 



be learned. 



Pathogenesis 

side the host un c» rt „ rcnn to oe rson, usu- 
disease is spread <X2e°.«d secret. 

host inflammatory '"ponse t 

The stages of P*We"e»s h £ e e 
closely studied « W»^^ the V 
tubes and entail distant htMnl an d 

ganism to the host cell close : at h , ial 

Multiplication. '"*£™J* he % £ phage- 

"^STg 2Sn g onto e the bailment 
somes, possible eg instanc es. blood- 

membrane, and in rare ^ 

^.rrS&Jd by ^gonococci. demon- 

it t eWs and conococci. 
eP '? h l ,J ontrlbutio.? of individual c-l- 

KWiffli dScJssed , r detail 

Recent dovelopnu nts in m<>lecularb, 



H.STORYOFVACC|NAT,ON 
AGAINST GONORRHEA 

Several gonococcal v^^SSn 
uated for efficacy ,n Juj«J J a , in Canada 
was conducted by C eenbe^^^^ 

in the early ly.osji^/ (piliated) 
lize d three seed ^J^o&d «* 
gonococci to prepare a killed, a r jn 
line, ^ .vaccine was .eU totera ^ ^ 
,he majority of volun tec « s »j t j tis . 
tibody response ( be " °™ e .. n ° C was generally 
sue culture «J»; ra '" ;^ed Three doses 
short-lived. Volunteers receive ^ 

f va f ,l- J^t, 6 2 y volun- 
ducted m a "'B n -" s * |? p ran dom.zed. pla- 
leer s were ent _ered into a ra 2 month 

cebo-controlled tria . During 

observa r-T24 introVrecipients acquired 
ents and < ot « con " nrot e C tive effect, 
gonorrhea, indicaung no P^J^ iluS 
Bnnton et al. later pi i» , un . 
vaccines and tested m ^ chaUe „ge 

studies (13). ine sl " 8 ' disease when 

highlv successful in P^"*'"* jj^he vac- 
th! challenge ^^^nVoM be 
cine seed strain - The PJjject lm . 

overcome ^'^^^Sous challenge 
portantly. when appare nt pro- 

^"CB^ oral communication. 

vaccine was conducted m h. gh n.k U 

tary personnel in the Kepuuu bUn d. 

\ 9 y 83 P (l4) in 'J*™^'^ Volunteers 
placebo-controUed m 325 ^ ^ feo 
participated. Two doses o obser . 

* e re administered * ma le volun; 

vation period was 8 . weeks. I ^ 
teers. 108 vaccine and 101 P» m0fe 

tibody levels. v .„. cilie was prepare*! 

and tested by E. W. H00K 1 we lUolerated 
le ,i R c model. The vaccine w£ well 
Veiled "nJ gainst 

vaccine also * ffor *£ "° E V H ook III. or J 
exprrumMUM gonorrhea (E.vv 

communication, lUSb). 



VACCINE POTENT 
GONOCOCCAL AN 

ptUNO* Peptides 

Pili filamentous p- 
one of the major* 
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VACCINE POTENTIAL OF IMPORTANT 
GONOCOCCAL ANTIGENS 

Pojn on Peptides 

d i fil .mpntous projections from the cell, are 

an genie variation. The organism can 
•switch" between a filiated and a i.onpi- 
liidSate. Moreover, the subumts can dis- 
may tremendous antigenic variation. The 
amino terminal portion of the pilin sequence 
JThSh v conserved. Antigenic variation oc- 

M6) Pseiulomonas aeruginosa (I .). Mot ax 
[ifa noni uuefacien, (IS), and Bactercdes no- 
tsuTllS). All these sequences beg.n w.lh 
the unusual N-methvlphenylalan.ne residue. 

Seve al studies have implicated p.h as a 
Jfen'cT factor and as a igfj^^ 
candidate Initial studies by Kellogg et al. re 
norled that virulence in a human challenge 

2 1) Electron microscopic studies have rniph- 
t Jed Dili as mediating attachmen of the 
/o^occus to the microvilli of none. hate co- 
fumn" epithelial cells (22). The p.lus may 
somehow enable the organism to overcome 
ne normal repuls.ve electrostatic barrier to 
attachment between the gonocoecus and the 
no?c5l (23). Alternatively, a specific recep- 
\o -\ g and interaction is possible though no 
soec ific eukarvotic receptor for the p.lus has 
s P erbeen"de»tified. Certainly, the presence 
ofpuTenhances attachment to a v ar.ety of e«- 
V >rvotic cells. In addition to adherence p.- 
liated gonococci have also been -ported to 
K resistant to phagocytos.s than non- 

oil was again correlated with virulence of the 
P , ^ with filiated organisms causing 
E^dn^npiLcd ones being avirulent 



(26) More importantly, this study demon- 
,ra led the in vivo antigenic variability of 
nil. n Disease isolates expressed numerous 
£i different pili.. types compared with pilin 
G r the input strain. It is this capacity for ant i 
Zl variation in vivo that may allow the or- 
ganism to circumvent a pilus type-speeiGe 

antibody response. „„ f ;„. n ic 
The molecular mechanisms for antigenic 
variation have been studied by several , Wbo- 
-ratories (27-29). The vanat.on is mediated 
by s lent copies of pilin genes of differing an- 
Scm ,.c types and locations on the gonococcal 
ch omosome. Cene conversion of these cop- 
ies into the expression site gives rise to ex- 
pressed piU of different antigenic types . (30) 
C-ne method of phase variation .s deletion of 
the pilin gene at the expression site which 
rosufts in a nonpiliated phenotype which can 
sometimes revert back to a piliated form (29). 
ReTen. reports indicate that another rnech* 
nism may also be involved, and that is DN A 
[reformation of pilin genes between , o rgan- 
isms (31). Thus, the gonocoecus displays sev 
eral I sophisticated mechanisms for variation of 
this major surface antigen. 

Selective regions of the pilin sequence, 
presented t0 the immune system as synthetic 
nooUdes may make effective immunogens 
Sf Hopefully. a polypeptide -presenting 
onlv a sequence-conserved region may a low 
the resuUant antibodies to effectively block 
aU gonocoeci, but that is still M>eculaUve a, 
this ooint Studies to determine the x-ray 
crystSographlc structure of the pilm mole- 
cule IhoSld facilitate the identification of ex- 
posed regions, which could be effective .n 

ttn^appear to be a major virulence 
facfor for the gJnococcus. The concept of a 
vaccine composed of pilin. or some port.on 
hereof, is of considerable interest but opt, 
mism for its success is dampened by the de 
R ree of pilin antig, nic diversity and the tact 
that the human immune response a ppear ^ di- 
rected primarily against the variable portion 
(14). 



NONPIUN AOHESINS 

In addition to pilin. Muir et al. have reported 
he presence of other proteins associated 
wUh'the pilus fiber (34). ^ese protems co- 
purify with pilin and may possibly be incor 
porated into the pilus supra.nolecular struc 
ture I» is suggested that these proteins may 
be ana ogous to those seen in uropathogenic 
E J«ncL co/i. in which proteins mcorpo- 



214 



VACCINES AND IMMUNOTHERAPY 



rated at the tip of the pilus mediate adhesion 
?o carbohydrate receptors present ,n the un- 

n %Z l *»L indicate the possibility of 
D mn ." dependent adhesins that may be pres- 
en on gonococci and mediate bind.ng to eu- 
karvotic cells. Both piliated and nonp.l.ated 

Ess b ^^»3 

Protein "or a ^WHf^ 
binding domain, would make a feasible vac 
candidate. However, the role of these 
proteins in the pathogenic process ,s .unclear 
at present, and little is known about their po- 
tential immunogenicity. 

Outer Membrane Proteins 
There are three predominant outer mem- 
brane proteins (proteins I. U. Ill) in the gono- 
coccXe-bralfe. The role of these proteins 
in Xe pathogenesis of disease is still specula- 
te Proteins I and II are ant.gen.caUy van- 
lie, while protein III appears to be ident.cal 
in all strains. 



Protein I accounts for the majority of pro- 
tein in the outer membrane and ,s A*»g*'f 
the major outer membrane protein (37). It is 
found in all gonococci and varies m molecular 
mass (32-37 kDa) among strains (9). Pro e n 
I i7 believed to function as the porin protein 
by ToS hvdrophilic channels through the 
outer membrane (38). At least a portion of 
the protein is surface-exposed (39). 

The antigenic variability of protein I pro- 
vides a useful mechanism to classify gonococ- 
cal strains. A single strain egresses only one 
protein I. which remains antigenicity stable 
<9) There are two major subclasses of protein 
9) protein IA and protein IB. The amino acid 
seauence of representative stra.ns of each 
subclass is now known (40.41). Each subclass 
ep-sents a family of structural y different, 
but similar, protein Is. Protein lAs (are gen- 
erally of lower molecular weight. While the 
amount of protein I that is surface-exposed 
tends to differ among stra.ns prote.n . As 
have a smaller surface-exposed portion than 
protein IBs (42). The surface-exposed deter- 
minants form the basis of the current sero- 
logic classification schemes. A comi»«J 
used system employs six prote.n IA and six 



protein IB monoclonal ant.bod.es (43)^ On 
The basis of its reaction pattern to th.s panel 
of monoclonal antibodies in a coagglutmat.on 
assTy a strain can be classified into a serovar. 
Todate 24 protejnJA and32prol^ 
IvarTaTe^^ 

reK ion however, the overwhelming major.ty 
Xains are represented by far fewer sero- 

^There are functional correlations between 
protein I subclass/serovar and charactens .es 
of the organism and/or expression of disease 
Proton IAS are associated with disseminated 
Gonococcal infection and resistance to killing 
ov normal human serum (44). Protein IBs are 
moJe closelv associated with antibiotic resis- 
un ce (45)' and with local mucosal disease 
46) However, these associations are far 
from absolute, and there is considerable over- 
bp Nevertheless, this typing scheme has 
been of considerable value in outbreak in ve- 
nations and in epidemiologic studies of dis- 
ease transmission (4 / -49). 

Although the role of prote.n I .n thepatho 
genicitv of human infection is not established 
There are several lines of evidence that en 
courage its further investigation as a vaccine 

' ^rotefn I is essential for organism survival. 
It is surface-exposed and invariant in a given 
strain There is considerable structural and 
Sen c similarity among strains m each 
suWass It appears to interact at the eukary- 
o"ic cell Membrane and may trigger endocy- 
tosis of the organism by the host mucosal cell 

(9) Protein I is immunogenic in humans dur- 
ing the course of a natural infection. Pat.ents 
develop protein I antibodies in the» loed se- 
cretions and serum as a consequ ence o f .nfec 
tion (50-53). These antibodies exh b.t both 
opsonic and bactericidal properties (54 5o) 
Moreover, many of the prote.n I monodonal 
antibodies activate complement and lyse me 
° rg S^ 4 st'uSs also support the concept 
that protein I antibodies may protect aga ns 
nfertion. Buchanan et al. demonstrated that 
recurrent episodes of acute gonococcal al 
oineitis were not caused by gonococc. of the 
S protein I type (56). More recent y 
Plunder et al. showed that f™* g"^ 1 " 
fection with a given serovar appeared to P r 
vide protection against a subsequent inlec 
tion with the same serovar (57). 

To date, one protein I vaccine was unsuc 
cessful in a male gonococcal urethrals nfec 
tion trial, as described prev.ously. While Ui 
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appointing, this trial should not impede the 
Snjalfon of alternative prote.n vacc.nes. 
Manufacturing a vaccine con, POsed oU fu- 
ture of protein I serovars .s one approach, bu 
a ouicker avenue for vaccine development 
He in the identification of a conserved epi- 
tope") tha . is surface-exposed and the target 
of functional antibody activity. 

The current or imminent availability of 
oro inn I sequence data, structural ...forma- 
Son on surface-exposed epitopes, and meth- 
od for gene cloning and expression will 
Neatly enhance our understanding of this .m- 
portant antigen (40. 41. 58). 



unsuc- 
s infec- 



^P^iin II is a 24- to 30-kDa heat modifi- 
ablel'er ieni2« protein (9). Protein II 
ac uX describes a family of related proteins 
5 ofein Us) that manifest tremendous intra- 
Strain and interstrain variations (59). The pro 
e n ^ a least partially surface-exposecL 
When expressed, protein II const.tu e, j. high 
percentage of the outer membrane (60 

Protein II expression is assoc.ated, at least 
in paTt with the ability of the organism to de- 
velop opaque colony types when grown on 
cuhure media and viewed under a dissectmg 

^ TSranTigeiL variation of protein II has 
been the subject of considerable study. A sir, 
!f e strain may simultaneously express more 
fhan one antigenically different protein lis 
and switch from a protein lI-pos,t,ve to pro. 
En H-negative phenotype. or from one pro- 
tein II type to another at a h.gh frequency 

(59 p2ri» II appears to bestow increased ad- 
herence properties to gonococci (63). Prote.n 
\ expression is associated with greater gono- 
cocci-gonococci adhesion, as well as in- 

tein lis mediate adhes.on to d.Herent ceu 

tyP The role of protein II in human infection 
in unknown. ClLical studies have shown ha 
oo-uiue variants are more commonly recov 
ered from mucosal gonococcal -"•ect.ons 
where* transparent variants are more often 
-covered from ^£^<J™2- 
rl;" n natur nnfec;^' Both ma.es and 
K5.E develop antibodies, but their an .bac- 
terial properties are not known (50. 66). An 
SSI? variation of protein lis al so ^occurs .. 
vivo. In an experimental .nfect.on study, a 



broad arrav of protein U variants appeared 
dur ng he course of infection after a predom- 
inately protein B-negative phenotype was 
instilled intraurethrally (6 0 - 

Protein H is currently not considered an 
attache vaccine candidate. Alt..-ugh it .s 
surface-exposed and quantitatively significant 
" protein Il-positive organisms the bacter.a 
lan survive and grow in its absence. Even 
though a pathogenic relationship « suggested 
by its adherence properties, too little .s cur- 
rontly known to establish a defined role .n 
human infection. Lastly the phenomena 
arrav of antigenically distinct prote.n lis 
3d make if a very difficult antigen to ,n- 
corporate into a vaccine. 



P otein III is a 30- to 31-kDa outer mem- 
brane protein (9). It is 
present in all strains of gonococci (68) l More 
over, an analogous protein designated class 
4 also exists in N. meningitidis (69). 

' Protein III is closely associated w. h pro- 
tein I in the bacterial membrane, but its func- 
tion in bacterial physiology or jnthep ; 
genesis of disease is not known (69). There is 
So evidence to support its role as a por.n pro- 
tein or as a cofactor for prote.n I in th.s ca- 

^^stark contrast to other gonococcal sur- 
face antigens, there is no evidence for s truc 
ural or antigenic variation in prote.n III (70). 
All available studies suggest it is invariant 
among gonococcal strains. Moreover protein 
UI sharls remarkable sequence and s ructural 
similarity to the Omp A proteins of Entero- 
bacteriaceae, particularly £ eo« (71). Tms 
homology is especially marked in the carboxy 
portion of the molecule (69 . 

Despite its surface locat.on. protein III .s 
poorly immunogenic in humans during natu- 
ral infection (50. 66) Patients demonstrate 
either no response or low leve s oU nl bod > 

The most fascinating aspect of prote.n ill 
is its apparent capacity to induce and/or b nd 
to antibodies that block the bactericidal activ- 
ity of antibodies to other ™'> ace .jf ^ 
(orotein I. lipopolysaccharide) (<^. 
Ke is experimental evidence that protein 
III antibodies (lgC) fix complement . bu the 
resultant membrane attack complex is either 
defective or incapable of fully inserting .n o 
the cell membrane to cause bactenoloys.s 

^Due^o its antigenic similarity to Omp A 
proteins, patients may develop prote.n III an- 
ybodies as a result of colonization/infection 
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by Enterobacteriaceae These cross-react >ve 
protein III antibodies may then shield the 
gonococcus from the bactericidal activity of 
other antibodies. Protein III might then exist 
on the gonococcus as a mechanism for its own 
protection. If this scenario proves valid, pro- 
tein III might be deleterious if incorporated 
into a vaccine preparation. 

Considerable work is in progess to resolve 
these important issues The recent construc- 
tion of a protein Ill-deficient gonococcal 
strain will significantly aid in this evaluation 
(69). 



structures was seen on passage in vitro (81). 
This variability was also demonstrated in vivo 
during a human challenge study in which the 
strains isolated from the infected patient ex- 
pressed different LPS antigenic types from 
the challenge strain (84). 

An LPS-based vaccine would necessitate 
the detoxification of the endotoxic-producing 
properties of LPS. In addition, given the an- 
iigenic diversity of the LPS. a constant oligo- 
saccharide portion or a type correlated with 
virulence would have to be identified. The 
immunogenics of this molecule in humans 
and its apparent role in pathogenesis desig- 
nate it as another attractive vaccine candidate 



LlPOPOLYSACCHARlOE (77) 

Lipopolvsaccharide (LPS) is a major constit ■, 
uent of gram-negative outer membranes and 
is known to serve several important biological 
and pathogenic functions In addition, various 
LPS epitopes, distinguishable by monoclonal 
antibodies, are expressed on different gono- 
coccal strains or on the same strain at ditter- 
ent times, resulting in LPS antigenic var.a- 

"° Phenol-extracted LPS has been shown to 
mediate most of the toxic damage that occurs 
during infection of human fallopian tubes 
(-6) The LPS is a target for bactericidal an- 
tibodies and regulates complement activation 
on the bacterial cell surface (7,. <8). I he 
presence or absence of certain LPS epitopes 
may be involved in the determination ot 
semm-sensitive or serum-resistant pheno- 

tyP The ? s^ructure of gonococcal LPS is similar 
to that of enteric bacteria in that both have a 
lipid A fatty acid chain embedded into the 
cell wall, and a core oligosaccharide linked to 
three 3-deoxymanno-2-ketooctuloson.c acid 
(KDO) moieties. The gonococcus differs Irom 
enteric bacteria, however, in that it lacks an 
O side chain of strain-specific polysaccharide _ 
residues (80). Silver staining of penodate-ox- 
idized LPS and rapid isolation methods have 
enabled the determination of LPS molecular 
masses ranging from 3.2 to 7 kDa among 
strains (81). The development of LPS mono- 
clonal antibodies has allowed the. immune- 
chemical characterization of spec.nc LK> 
components (79). Recently the structural de- 
termination for the oligosaccharide portion of 
the gonococcal LPS has been proposed (82). 
Studies by Mandell et al. have shown that 
particular gonococcal LPSs have carbohy- 
drate structures that are analogous to human 
erythrocyte glycolipids. and that tli. se two 
structures cross-react immunologically t 83 *- 
The antigenic variation of gonococcal LPS 



H.8 Epitope 

An epitope contained on two different neis- 
seria! lipoproteins that binds to a spec.nc 
monoclonal antibody is called H.8. The epi- 
tope itself appears to be conserved ™d stable 
(85) Following its identification in 1984. n o 
Rained wide attention because of its presence 
on pathogenic Neisseria (N gonorrhoeae. N. 
meningitidis), but absence on commensal 

Seisseria (85). . „ „ 

The two lipoproteins that contain the • H.» 
epitope are the lipid-modified azunn (Laz 
and the H.8 outer membrane protein (Lip; 

The lipid-modified azurin is present in 
both pathogenic and commensal Neisseria 
?86). It is not reactive with th- » ° monoclo- 
nal antibody on Western blots Like other 
azurin proteins, this lipid-modified azunn 
mav function in electron transport during 
bacterial respiration Its role, if any. in patho- 
genesis is not known. . , 

The H 8 outer membrane protein is also a 
lipoprotein, but it is present on P^oge^ 
Neisseria only. Its apparent molecular mas* 
" varies from 22 to 30 kDa among ^strains (8 lb 
This protein is alanine- and P">>">'- r «J r a 0 . 
does not stain with Coomassie blue at er s 

dium dodecyl ( ^"Pg a ^ J'Stouk 
electrophoresis (SDS-PAOb). me n o 
membrane lipoprotein has been extract t 
and purified from neisscrial organism! (» • 
88). and the gene has been cloned and s 
quenced (89). The protein consists o a 
gating heptapeptide. Differences ' 
! M1 „,|,er of repeating units may accoi nt ^ 
the difference in apparent molecular « * 
among strains. The function of L.p • • 
outer membrane is unknown, but 
lieved to serve in a structural role. 
The 1 1.8 epitope appears to be siiftai 
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posed on viable g,,nococc, but electron m,- 
croscopy studies with gold-labeled monoclo- 
nal antibodies have prov.ded conflicting 
results (85. 86. 90). 

Patients develop serum ant.bod.es to the 
H.8 epitope after local genital infect.ons. sal- 
pingitis, or disseminated gonorrhea (50. 51. 
91 ) One patient was found to have H.8 ant.^ 
bodv in seminal plasma (50). However. H.8 
antibodies have also been found ... the sera o» 
patients without a prior history of gonorrhea. 
One study showed that the acquisition or N. 
rner.meiJ.Ji5 throat carriage can result in he 
development of H.8 antibody ... the serum 
(50) In several studies, patients developed 
locai gonoccal infections despite the pres- 
ence of H.8 antibody in the serum (oO 66). 

Most monoclonal antibodies specific lor 
H 8 lack bactericidal activity and fail to pro- 
tect against meningococcal infection m 
animal models (92). However, one H.8 mono- 
clonal antibody has been shown to be bacte- 
ricidal and opsonic for some gonococci (86). 
affinity purified human antibodies specific 
for H.8 were found to lack bactericidal act.v- 
itv for meningococci (93). 

The value of the H.8 epitope as a gonococ- 
cal vaccine candidate is unclear. The appar- 
ent surface-exposure, stability, and associa- 
tion with pathogenic Seisseria make ,t worthy 
of pursuit; however, the lack of a known role 
in pathogenesis and the inability of serum an- 
tibody to prevent infection weigh against it. 

loA Protease 



Immunoglobulin A \ m *Z£ZZs 
defense system against microbial pathogens 
that come in contact with mucosal surfaces 
(94). However, many bacteria, such as ,v 
gonorrhoeae. N meningifirf*. H mfiuen-ae 
and Streptococci pneumoniae, are known to 
produce a protease that cleaves unman IgAl 
at the hinge region (94). These IfA I. prote- 
ases are thought to act as a mechanism for 
bacteria to evade specific mucosal immunity. 
The construction of IgAl protease-negat.ve 
mutants of N gonorrhoeae prov a valu- 
able tool to investigate the significance of Ins 
enzyme in the pathogenesis of eonorrhea 

t95 The gene encoding the gonococcal IgAl 
protease has been cloned. Significant homol- 
ogy with IgAl protease genes of other spe- 
cies was also found (96). Patients w.th local 
gonococcal infections, salpingitis, and dis- 
seminated gonorrhea infrequently produce 

antibody to IgAl protease in their sera (9.). 

Patients with meningococcal disease or me- 



..ingococcal carria ge more commonly pro 
duce specific antibody to the enzyme (97). 
This antibody is cross-reactive with IgAl pro- 
tease from N. gonorrhoeae and inhibits the 
protease activity of the enzyme (97). 

The IgA protease presents an attactive 
vaccine candidate if its biological role in dis- 
ease is validated. As part of a multico.nponent 
vaccine, antibody raised to this enzyme may 
well allow IgAs of other specificities to be 
more efficacious in attacking the organ.sm. 

Major Iron-Regulated Protein 

Neisseria gonorrhoeae expresses several pro- 
teins under iron-limited conditions (98). 
The»e proteins may be involved m iron up- 
take bvthe bacteria and therefore may have 
a function in pathogenesis. In eont rast to 
many gram-negative bacteria that produce 
otuole'siderophores the gonococcus must 
obtain iron directly from specific iron-b nd- 
Tng proteins (lactoferrin and transferrin) of 

th Th?m!?i iron-regulated protein (MIRP) 
is a 37-kDa protein and appears to be corn- 
on among all gonococci and meningococci 
(100). MorVe et al. have recently described 1 its 
purification and characterization (101). Anti- 
bodies to MIRP have been detected ,n pa- 
tients with disease, indicating that it is ex 
pressed in vivo (102). This protejr , « 
reported to bind iron from transfernn (101). 

The apparent immunogenicity and con- 
served nature of the MIRP makes it an attrac- 
tive vaccine candidate. Other proteins hat 
mediate iron acquisition also deserve atten- 
tion Interference with iron utilization could 
potentially alter the course of disease. 



Other Gonococcal Antigens 

\naerobic or aerobic growth conditions in- 
duce strains to selectively express a var.et> -..» 
membrane proteins. Other conditions of en- 
vironmental stress result in the expression ol 
another class of proteins called stress pro- 
reins The role of these proteins ,n organism 
survival or pathogenesis is not known. Yet it 
is interesting to note the presence of antibod- 
ies to an anerobically induced prote.n in 
women with PID. thus suggesting its immu- 
nogenicity and expression in vivo d 03 ' 

Gonococcal outer membrane prote.n- 
macromolecular complex is a surface-exposed 
homopolymer. It is antigenically conserved 
and constitutes about 10% of the outer mem 
brane protein (104). Antibodies raised to this 
antigen in animals exhibit bactericidal act.v- 
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REbfc»nv,n w«— 

Gonorrhea continues as an ep^-ie <^ 
with serious compl.cat.ons espec.a ^ 
female. The "^^^tion. and in,- 
^3 Served only to con- 

have even greater problems. 



pool of ™ n, ™" y JJ ve J as a reservoir for 
tomatic earners se. ™» , pre sentation. 
transmission Upon ^ hile the in- 

many women » £^£^1* remain. A 
fection .s '^""Virfection will have wide- 

evolution 

lne gonococcus ha, e« the qu t ^ ^ 
antibiotic -.nject.ons * or tre bnce 
needed in many regions, ana c . 
^susceptibility patterns , ^^onococ- 
The development J, Many 
cal vaccine w.ll be a tor infecti ons re- 

mdividuals acquire B ono <g«^ f of short . 
peatedly. implying the absence ^ ^ ^ 
fived immumty. In ^V**** mQ ^ s 
treated infections any> disease- 

implying markedly delayeo. due 

induced »«r n 7 - iett ScSlon to the 
t0 ,he usual confinement ot m ^ 
local mucosa An ,gen process^ g^ 

mune defenses. " - expr ession 
switching that controls * nUge V 

(pili. protein "^^u^tein II. LPS) 
for antigenic variability VP* • P .„ lU , 

is staggering Anoth, r antige P 
may actually serve as a tar S e o( spec inc 
tive antibodies . and block ™* s .J „f , 
functional ant. bod es^ The' ugg 

shared epitope the^ possibility of an- 

rocy te membrane raises the P^ ^ ^ 

tigenic m.m.cry. a ™$™ S tease may 
rdtr-y -e.-?y antibodies that 
arrive for defense. _ rotcc tion of whole- 

belween > pnor go oococ' „„ lf c 
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3. 



moloeous protection to urethral challenge 
7<e° parenteral immunization with purified 

'"'The ideal vaccine would be one that pre- 
vents colonization and local infection Oven 
the uniquely human reservoir of S gonor i 
rhoeae such a vaccine may eventually lead to 
eradiation of the organism, if ^ 
local infection is not possible, an alte^trve ^ 
approach would be a vaccne ha. hm,ts « 
tension of infection and prevents PID Such a 
vaccine would have a profound .mpact on the 
morbidity of gonorrhea. must 
The evaluation of vaccine candidates musi 
nroceed cautiously. Should a vaccne a low o 
^dispose to asymptomatic carnage U migh 
have a deleterious public health erieet. In 
creasing the reservoir of carriers wou d pre- 
d Sly result in a higher incidence of gom> 
coccal "disease, including PID. among the 

U ° ' m success flil vaccine will likely be one that 
induces an ibodies that simultaneously attack 

he organism at several stages of pathogene- 
sis One might envision the success of vac- 
c ine^nduced antibodies that allow human 
UA survival, promote opsonization and bac- 

f Jolys.s and vet block organism adherence, 
iron usage, and eukaryotic membrane mte- 

^^ooropriate models to evaluate pathogen- 
esis and immunity are a problematic area. 
Numerous animal models have been em 
cloyed but only the chimpanzee urethr. s 
moTl bears anv resemblance to human dis- 
e^e The availability, difficulty, and cos to 
thete animals have ceiled the use of th.s 
Idel. Other animal models such as the 
euinea pig chamber and ch.ck einl>r>o are 
also In use but their relevance to human d.s- 

^Tissu": aXrgan cultures are in select,. 
use Much about pathogenic mechanism has 
been' learned from the fallopian tube systenv 
^ Ultimately, the human w.ll serve for _J 
final validation of a successful vaccne. 
Hunian challenge studies have been of con- 
siderable value in the past for investigations 
on pathogenesis and for vaccine testing. The 
Tode is safe, and the experimental infection 
SoSv resembles naturally acquired disease. 
More studies are needed in this model to un- 
derstand he contribution of specific gone, 
coTca. components to human disease and to 
Investigate the human immune response^ 
Etfi considerations limit this model to 
male urethritis only, so the evaluation of vac- 



cines that might prevent pelvic infl lammatory 
disease will have to take place in 

Oncoing and needed investigations that 
have he greatest bearing on vaccine devel- 
opment 1*5 in the following three areas: 
1 Studies on the molecular basis of patho- 
1 ' ^nesis that increase our understanding of 
fhe critical steps leading from organ, m 
exposure to infection are essential. Partic- 
' ular emphasis should be placed on the 
contribution of individual ant.gens o th 
orocess Identification of gonococcc.-host 
S mteractions. as well as host cell recep- 
tors are a critic?' phase of these studies^ 
2 Studies on the extent of antigenic vana- 
fton the mechanisms for its control, and 
h e contribution of the host environment 
and mmune response will allow a ^reanst.c 
assessment of potential vaccne candi- 
dates The discovery of common, stable, 
ad functional epitopes in fis sea of Vi- 
ability holds the brightest hope for an el 
fective vaccine. . 
Studies on the local immune response in 
The human genital tract, methods to en- 
hance T and the value of specific ant.bod- 
ie Ar Protection are vital to our continued 
^gre'sT investigations should continue 
on local immunization procedures. 
Many new technologies are now widely 
available to aid in these investigations. Cene 
Sing DNA and protein sequencing pro- 
ein structure studies, synthetic peptides 

raTon of many groups with J«« *J » 
order for us to be successful in the quest tor 
an effective gonorrhea vaccine. 



V,.„ The views of the authors do not P"'^° 
reflect the position of the Department of the Aran 
or the Department of Defense 
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29 New Technologies for Making Vaccines 



The development of new techniques in molec- 
ular genetics has expanded the number of ap- 
proaches that can be used for making vaccines. 
In some cases, established vaccines can be im- 
proved or their supply increased. In other cases, 
new vaccines can be developed that have not 
been feasible through the application of old tech- 
nologies. In this regard, it is worth considering 
first the broad categories into which vaccines can 
be divided. "Live" vaccines are defined by the 
ability of the vaccine strain, i.e., of the virus, to 
replicate within the human host. Conversely, 
"killed" vaccines ("non-live" may be more ac- 
curate, even though most scientists use the term 
"killed") are unable to replicate or infect the 
host. Table 29-1 summarizes the salient features 
of these two categories of vaccines. 



Live Vaccines 



Live vaccines are attenuated with respect to 
their ability to cause disease, meaning that they 
are less likely to cause clinical illness than the 
natural disease-causing agent. By virtue of their 
ability to undergo limited replication in the host, 
such vaccines, typically viruses, often induce cell- 
mediated (T cell) immunity in addition to anti- 
body-mediated (B cell) immunity. As a result of 
such a broad spectrum of immunity as well as re- 
exposures to the virus which silently boost im- 
munity, protection following a single inoculation 

Table 29-1 . General Characteristic of Vaccines 

"Live" Vaccines 

Attenuated with respect to pathogenicity 

Cell-mediated immunity in addition to humoral 
immunity 

Longer-lasting protection 

Tendency to reactogenicity 

Ability to revert 
"Killed" Vaccines 

Nonreplicating 

Noninfectious 

Lower reactogenicity 

Need for boosters 

High purity 



with a live attenuated vaccine often lasts a life- 
time. However, the ability of the live vaccine to 
replicate can be detrimental; being genetically 
plastic, a replicating virus can revert to a more 
pathogenic form and cause adverse reactions in 
a vaccinee or a contact of a vaccinee. Sufficient 
data must be obtained in animal studies as well 
as in clinical studies to rule out the possibility of 
reversion. 

A number of strategies have been employed 
for developing live viral vaccines that are atten- 
uated, as summarized in Table 29-2. 

Several of these approaches were possible be- 
fore the development of modern techniques in 
recombinant DNA (rDNA) technology which 
enable the manipulation of viruses on the molec- 
ular level. These classic approaches, which utilize 
routine techniques in cell culture, include atten- 
uation in cell culture, selection for temperature- 
sensitive or cold-adapted viruses, isolation of 
closely related viruses from other species and 
selection for reassorted viruses from the progeny 
of an infection by two parental viruses. (These 
strategies are discussed in greater detail else- 
where with respect to particular vaccines.) 

The ability to alter directly the structure of 
viruses on the molecular level is enabling scien- 
tists to design attenuated vaccines rather than 
forcing them to rely upon phenotypic selection 
and upon chance to provide the only mechanisms 
for viral change. Through techniques of viral 
genetics and DNA sequence analysis, it is possi- 
ble to identify those regions in the viral genome 
* where alteration can contribute to the attenua- 
tion of viral pathogenicity. This rDNA technol- 



Table 29-2. Strategies for the Development 
of Attenuated Live Viral Vaccine s 

"Classic* 1 Approaches 

Modified by passage in cell culture 

Variant viruses from other species 

Temperature-selected mutants 

Reassorted genomes 
"Molecular" Approaches 

DNA modification mutants 

Recombinant viruses 
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ogy allows such regions to be altered or deleted 
and introduced into the genome of a wild-type 
virus, thus leading to the production of an atten- 
uated virus. This approach is presented in' the 
schematic in Figure 29-1. 

The salient feature of this approach is the 
deliberate CQnstruction of an attenuated virus 
that is unlikely to revert to a more pathogenic 
form. This construction is made possible by de- 
leting a portion of a key region of the genome in 
such a way that reversion is ruled out. This 
approach first was applied successfully by Kit and 
coworkers to the attenuation of pseudorabies 
virus, thus leading to the creation of a safer 
vaccine for the prevention of a severe disease in 
pigs. 1 This is the first genetically altered live 
vaccine that was licensed for use in any species. 
A related approach is being taken for polio- 
virus and is applicable to other vaccines for 
humans. 2 

A second approach is the genetic alteration of 
a live virus to function as a vector, i.e., carrier, 
for other genes. This approach enables the re- 
combinant virus to function as a vaccine for two 
or more infectious agents in a single inoculation. 
This technology first was applied to vaccinia 
virus. 3 * 4 Prior to this application, wild-type vac- 
cinia virus had been used for the worldwide 
eradication of smallpox and is the prime example 
of a variant virus from another species used as a 
vaccine for humans. A region of the genome of 
vaccinia virus was identified as nonessential for 
viral replication by the general approach outlined 
in Figure 29-1. Within a plasmid containing this 
nonessential region, a gene encoding a surface 
protein of another pathogen was inserted (Fig. 
29r-2). This recombinant plasmid was introduced 



together with wild-type virus into cells in culture, 
resulting in the creation of a recombinant virus 
that carries the foreign gene. 

For insertion into a virus vector, a gene is 
selected that encodes an immunogen, usually a 
surface protein, of a virus or a microbial parasite. 
In order for this strategy to be effective, the 
presentation of this immunogen during the course 
of viral replication should result in a protective 
immune response directed to the antigen and, 
therefore, the pathogen. Recombinant vaccinia 
viruses have been derived that express immuno- 
gens for hepatitis B virus, herpes simplex virus, 
influenza virus, rabies virus, Epstein-Barr virus 
and respiratory syncytial virus. Some of these, 
recombinant viruses have shown promise in ani- 
mal studies. A similar approach has been taken 
with respect to the genetic engineering of two 
human herpesviruses as viral vectors, herpes sim- 
plex virus 5 and varicella-zoster virus. 6 

Table 29-3 outlines several points that are 
important to the safety and efficacy of such live 
recombinant vaccines. A nonessential (i.e., not 
required for viral replication) region for the in- 
sertion of a foreign gene often can be used that 
will result in the attenuation of viral pathogen- 
icity. 7 Multiple foreign genes can be inserted into 
a single viral genome, resulting in an immune 
response against multiple pathogens. 8 The level 
of expression' of the foreign protein should be 
high enough to elicit effective immunity. The 
parental (vector) virus should be tested exten- 
sively; its use as a vaccine should be free of side 
effects. In that regard, the use of the smallpox 
vaccine strain of vaccinia virus has raised concern 
with respect to the neurological and dermatolog- 
ical sequelae observed in small numbers of vac- 
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Figure 29-1 . Attenuation of viruses 
using modern techniques in mo- 
lecular biology. 
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Figure 29-2. Creation of recombi- 
nant vaccinia viruses carrying 
genes that encode immunogens of 
other pathogens. 



cinees. The host range or tissue tropism of the 
recombinant virus should not, be altered signifi- 
cantly compared with that of the vector virus. 
The effects of viral infection upon the replication 
and structure of host cells should be studied 
closely. Since vaccinia vims encodes a protein 
with significant homology to transforming growth 
factor-ot and to epidermal growth factoj (EGF) 
and since the virus infects cells through the EGF 
receptor, 9 which is itself highly homologous to 
the erb-B oncogene, there is concern that infec- 
tion with vaccinia virus may be mitogenic (stim- 
ulates growth or division of infected cells). Fi- 
nally while some recombinant vaccinia viruses 
have shown promise in preclinical testing in mod- 
els of efficacy in animals, only clinical trials and 
testing of protective efficacy in humans, still 
awaited, will permit a complete assessment of 
the utility of such vaccines. 

Table 29-3. Considerations in the Safety and 
Efficacy of Recombinant Live Vaccines 

Safety 

Extensive testing of parental virus 
Stable attenuation of parental virus 
Insertion point for the foreign gene 
Host range of the recombinant virus 
Biology of the cellular receptor for the virus 
Efficacy 

Multiple foreign genes in a single virus vaccine 
Level of expression of foreign protein 
Clinical testing 



Killed Vaccines 



In contrast to live vaccines, killed vaccines doi 
not replicate in the host. Consequently, killed! 
vaccines are often less efficient in the inductkmf 
of cell-mediated immunity. In order to achieve! 
complete and long-term protection i booster in-J 
oculations are required. Furthermore, the greater! 
antigenic mass required for a killed vaccine to.bef 
effective, when compared with the antigenic mass | 
for a live vaccine, raises issues of purity. Since^ 
they do not replicate, killed vaccines cannot^ 
revert to cause clinical disease. Several strategies^ 
have been used to develop killed vaccines, asjf 
summarized in Table 29-4. 

The classic approaches, which employ tech-?p| 
niques of biochemical purification and biophysi-£$j 
cal inactivation, include physical inactivation ofi| 
whole viruses or bacteria, utilization of inactK ^ 
vated toxoids from bacteria, purification of mon- 

Table 29-4. Strategies for the Development 
of Killed Vaccines 

"Classic" Approaches 

Killed whole pathogens 

Toxoids from pathogens 

Purified surface components 

Conjugated surface components 
"Molecular" Approaches 

Recombinant-derived proteins 

Synthetic peptides 

Anti-idiotypic antibodies 
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omeric or aggregated surface components of vi- 
ruses or bacteria and conjugation of surface 
components of bacteria to other molecules. 
(These strategies are discussed in greater detail 
elsewhere.) 

The techniques of rDNA have revolutionized 
biomedical research. They make it possible to 
identify the gene encoding any protein of interest 
and to insert that gene into a host cell in such a 
way that the cell can produce large amounts of 
the particular protein (Fig. 29-3). 
- — This technology is directly applicable to the 
development of vaccines. The key to the problem 
is the identification of that protein component of, 
a virus or microbial pathogen that itself can elicit 
the production of protective antibodies, such 
antibodies having the capacity to neutralize in- 
fectivity and thus protect the host against attack 
by the pathogen.. The protein then defines bio-, 
chemical tools for research (e.g., antibodies and 
amino acid sequences), which are useful for the 
identification and cloning of the gene encoding 
that protein. Ultimately, the gene is placed into 
a host cell in a configuration that will result in 
synthesis by the host cell of large amounts of the 
particular immunogenic protein. 

The initial application of rDNA technology to 
the development of vaccines for humans was for 
the vaccine to prevent infection by hepatitis B 
virus (HBV). A safe and effective vaccine, con- 
sisting of particles of the surface antigen of HBV 
(HBsAg) has been prepared from human plasma. 
In order to expand the available supply of vac- 



cine, scientists turned to rDNA technology for 
vaccine production. The process was initiated by 
the identification of the gene encoding HBsAg 
and the insertion of that gene into various host 
cells. Recombinant yeast synthesize large 
amounts of particles of HBsAg that are mor- 
phologically (Fig. 29-4) and immunologically 
highly similar to the plasma-derived HBsAg. 10 

Recently, the yeast-derived HB vaccine pro- 
duced by Merck, Sharp & Dohme became the 
first rDNA-derived vaccine of any type for hu- 
mans ever to be licensed anywhere in the world. 
This prototype vaccine offers hope for the devel- 
opment of a new generation of vaccines, includ- 
ing ones for diseases such as malaria 11 * 12 and 
leprosy 13 for which vaccines cannot be made using 
classic technologies. The development of recom- 
binant vaccines ultimately may be facilitated by 
the application of new techniques for the en- 
hancement of the immunogenicity of isolated 
proteins; one such technique is hydrophobic ag- 
gregation. 14 However, because of the biology of 
.the disease or the nature of the immune response 
induced by the vaccine, it is important to realize 
that recombinant vaccines do not always provide 
the solution to the problem of prevention of an 
infectious disease. 

There are a large number of host cells that can 
be utilized for the production of rDNA-derived 
proteins. The most common host cells have been 
bacteria (Escherichia coif) , yeast (Saccharomyces 
cerevisiae) and mammalian cells (Chinese ham- 
ster ovary, monkey kidney). Recently, scientists 
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Figure 29-3. The use of recombi- 
nant DNA (rDNA) technology to 
express large amounts of a desired 
protein. 
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Table 29-5. Expression Systems 
for rDNA-derived Proteins 



Desirable Traits of the Product 

High yields (commercial) 
Stability of yield with scale-up of cells 
Inducible expression 
Secretion 

Post-translational modifications (consistent with 
immunogenicity) 
Glycosylation 
Phosphorylation 
Amidation 
Carboxylation 
Hydroxylation 
Proteolytic processing 
Desirable Traits of the Host Ceils 
Ease of scale-up 
Consistency of performance 
Lack of oncogenic elements 
Rapid division 
Safety Concerns 
Heterologous protein contaminants 
Biology of cell substrate 
Residual DNA (oncogenesis) 

* Scheme to take cultures from bench to large-scale 
fermentation or purification. 

with respect to each of these criteria (Table 29- 
6). These criteria fall into three groups, which 
roughly discriminate between the microbial 
(yeast and bacteria) and mammalian expression 
systems as follows: 

1. The microbial systems are more productive 
and consistent in overall performance than the 
mammalian ones. * i 

2. Mammalian cells provide for post-transla[-; 
tional modifications that often resemble mor£ 
closely those in the viral agent than those pro- 
vided by microbial cells. 

3. With few exceptions, serially propagated 

Table 29-6. Comparison of Commonly Used Expression Systems for rDNA 

Chinese Hamster 





£. coli 
(Bacteria) 


S. cerevisiae 
(Yeast) 


Ovary 
(Mammalian Cells) 


Yield of product 


+ + + 


+ + + 


+ 


Ease of scale-up 


+ + + 


+ + + 


+ 


Stability of yield with scale-up 


+ + + 


+ + + 




Inducible expression 


+ + + 


+ + + 


+ 


Consistency of performance 


+ + + 


+ + + 


+ 


Secretion 


+ 


"+ + 


+ + + 


Glycosylation 




+ + 


+ + + 


Proteolytic processing 




+ + 


+ + + 


Other modifications 




+ + 


+ + + 


Biology of cell substrate 


+ + 


+ + + 


+ 


Heterologous protein contaminants 


+ + 


+ + 


+ 


Residual DNA 


+ + + 


+ + + 


+ 



+ + + = most acceptable 
+ + = acceptable 
+ = least acceptable 
- = absent 
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Figure 29-4. Electron micrograph of particles of HBsAg 
produced by recombinant yeast (165,000X). (Courtesy of 
B. Wolanski, Merck Sharp & Dohme' Research Laborato- 
ries.) 



have diversified to the use of other bacterial 
(Bacillus subtilis), fungal (Aspergillus nidulans) 
and higher eukaryotic (insert) cells. AH these 
systems can be judged by a wide range of criteria 
relating to desirable traits of either the protein 
product or the host cell as well as to safety 
considerations (Table 29-5). 

The most commonly employed expression sys- 
tems can be evaluated relative to one another 
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mammalian cells, unlike microbial cells, are con- 
sidered "transformed/* meaning that they are 
more susceptible to oncogenicity in experimental 
animals. 

Furthermore, for expression of rDNA, mam- 
malian cells often utilize genetic elements derived 
from oncogenic or latent viruses, while microbial 
cells do not utilize such elements. These per- 
ceived safety concerns must be addressed regard- 
ing the use of mammalian cells as an expression 
system for recombinant vaccines. 

These relative evaluations represent generali- 
zations from a large number of studies in the 
different systems and should be considered when- 
ever an expression system is utilized. Neverthe- 
less, each attempt at expression must be evalu- 
ated individually, and there are probably as many 
exceptions as there are rules in the "expression 
game'*! 

The use of synthetic peptides as vaccines in- 
volves the use of short segments of a protein 
molecule, rather than the entire molecule, as the 
immunogen. Some peptides are able to induce 
antibodies that can react with the whole protein 
as well as with the peptide per se. 15 The discovery 
process for formulating synthetic peptide anti- 
gens begins by defining the gene encoding the 
immunogenic protein (see Fig. 29-3), then 
branches off by exploiting the DNA sequence of 
the gene to define the amino acid sequence of 
the protein and to predict which regions of the 
protein might be immunogenic (Fig. 29-5). Once 
defined, peptides can be synthesized chemically 16 
and formulated into synthetic vaccines. 

This approach first was applied to the devel- 
opment of vaccines for humans by synthesizing 
portions of the HBsAg polypeptide. 17 In theory, 
the approach is technically versatile and lends 
itself to the production of well-defined vaccines. 
However, in practice, the approach has several 
shortcomings relative to the use of whole pro- 
teins. In general, the antibodies elicited by an 
intact protein crossreact more effectively with 
both the protein and the pathogen on which it 
resides than do antibodies elicited by a synthetic 
peptide. Furthermore, such antibodies bind with 
higher affinity and are present at a higher titer 
than are those elicited by the peptide. Thus, the 
duration of the immune response stimulated by 
a synthetic peptide is inferior to that stimulated 
by a whole protein. At minimum, a complete 
cocktail of synthetic peptides may be required as 
well as an improvement in methods for the en- 
hancement of immunogenicity by covalent con- 
jugation onto carrier proteins. It may be that 
synthetic peptides, however tailored, cannot 
mimic all the conformations assumed by the 
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Figure 29-5. Defining immunogenic peptides from immu- 
nogenic proteins. 

intact protein that are critical for immunogenic- 
ity. Furthermore, immunogens often have com- 
plex chemical structures, e.g., sugars and lipids, 
which cannot be specifically applied to a synthetic 
peptides However, synthetic peptides may be 
useful for the priming of an immune response, 
as first demonstrated for poliovirus. 18 

A third novel strategy for the formulation of 
killed vaccines is the use of anti-idiotypic anti- 
bodies (anti-antibodies), whose existence and 
function in the regulation of the immune re- 
sponse first were articulated by Jerne. 19 Since 
antibodies bear a structural image of the primary 
antigen at the antigen-combining site (idiotype), 
antibodies to antibodies (anti-idiotype) have an 
antigen-combining site that is structurally similar 
to the antigen (Fig. 29-6). Thus, inoculation of 
the anti-idiotypic antibody functions as a vaccine 
by inducing an anti-anti-idiotypic antibody which 
in principle should be identical to the first anti- 
body. 20 

This approach has been applied to formulating 
a vaccine for hepatitis B. 21 While this strategy 
clearly warrants further study, it suffers from two 
potential drawbacks. Since the immunogen is an 
antibody, which is structurally related to natu- 
rally occurring human antibodies, problems re- 
lated to antigenic sensitization must be ad- 
dressed. In addition, the images borne by anti- 
idiotypic antibodies are structurally analogous to 
peptide domains on the surface of the pathogen 
rather than to whole proteins. Therefore, such 
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ANTt-ANTMDIOTYPIC ANTIBODIES 
ARE ANTI-VIRAL ANTIBOOIES 



Figure 29-6. Strategy for the use of anti- 
idiotype antibodies as yaccines. 



vaccines might elicit an immune response which 
is more antipeptide-like in nature rather than 
antiprotein-like, as discussed previously. 

The progression of a vaccine candidate from 
the laboratory to the marketplace is long and 
arduous, often taking 10 years from the time of 
its initial discovery and characterization. Vac- 
cines made by means of new molecular technol- 



ogies are being developed rapidly. Of these, only 
rDNA-derived proteins have gone as far as hu- 
man clinical trials, much less having become a 
licensed product as in the case of yeast^derived 
HBsAg. - Representatives of such vaccines axe 
listed in Table 29-7, along with others derived 'fjj 
by older types of technologies. 
With the development of the increasingly sot 



Table 29-7. The Progression of Human Vaccines Made by Different Technologies 
Toward Becoming Licensed Products 



Preclinical 
Testing 



Clinical 
Testing 



Licensed 
Product 



Examples 



Live Vaccines 
Classic Strategies 
Modification in cell culture 
Variants from other species 
Temperature-selected mutants 
Re assorted genomes 
Molecular Strategies 
DNA modification mutants 
Recombinant viruses 

Killed Vaccines 
Classic Strategies 
Killed whole pathogens 
Toxoids from pathogens 
Purified surface components 
Conjugated surface components 

Molecular Strategies 
Recombinant-derived proteins 
Synthetic peptides 
Anti-idiotypic antibodies 



X 
X 
X 
X 

X 
X 



X 
X 
X 
X 



X 
X 
X 



X 
X 
X 
X 



X 
X 



X 
X 
X 
X 



X 
X 
X 



Measles, mumps, rubella 
Smallpox (vaccinia), rotavirus 
Influenza 
Rotavirus 

Poliovirus , Salmonella, Shigella ^ , 
Vaccinia, herpes simplex, ' 
* varicella-zoster 



Pertussis 

Diphtheria, tetanus, cholera 
Hepatitis B 

Meningitis (Hemophilus 
influenzae b) 



Hepatitis 8 
Hepatitis B 
Hepatitis B, rabies 



phisticated analytical tools of molecular biology 
and immunology, vaccines derived from the 
newer technologies are receiving closer scrutiny 
at the regulatory and ciinicai levels than have 
vaccines derived from more classic strategies. 
This trend is expected to continue and represents 
a formidable barrier for manufacturers to hurdle 
with respect to the licensing of safe and effective 
vaccines. As with any technology, there is a 
learning curve for both manufacturers and regu- 
latory agencies. 

A major challenge facing manufacturers and 
society in the United States is the profound 
increase in litigation over adverse experiences 
related to vaccines. The most dramatic manifes- 
tation of this litigation is the increased expense 
and intermittent unavailability of product liability 
insurance to the three United States-based man- 
ufacturers of the vaccine for pertussis, thus re- 
sulting in the temporary withdrawal of products 
of two of these firms from the market and the 
tripling in the price of the vaccine. Medically, 
one may find a situation in which the general 
welfare of the pediatric population may be at 
significant risk to whooping cough. This problem 
could have tragic consequences for society and 
become a severe disincentive for the develop- 
ment of vaccines by means of new technologies. 
It is hoped that, while legislative remedies to this 
severe problem are being addressed, research 
scientists and medical researchers will continue 
to receive as much support as possible in the 
pursuit of new technologies, since the vaccines 
that result represent the most cost-effective prod- 
ucts for the eradication of infectious diseases. 
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When Does Homology 
Mean Something Else > 

Molecular biologists routinely compare sequences between 
tiTliT 1 ,',, s ""- M »Df«- teg™ of"hom,lo s f' between 

miZj t I" 7 m,lH " mar y who say the vori ,s 

misused, thereby causing confusion 

"W: 



r HEN I use a word," saud 
Humpty Dumpty in a rather 
. scorniuj tone, "it means just 
what I choose it to mean— neither more nor 
less." But, in the scientific realm at least, 
such an AJice Through the Looking Glass 
approach to language can iead to misunder- 
standings: a prime example is the word 
homology. 

'Homology 5 has the precise meaning in 
biology of 'having a common evolutionary 
origin,' but it also carries the loose meaning 



the observation from the conclusion." 

RusscU Doolirde, a molecular biologist at 
the University of California at San Diego 
and a cosigner of the letter, traces the abuse' 
of homology back through almost two de- 
cades. "Most people in protein chemistrv in 
the late 1960s were not classical Jv trained 
biologists," he explains, "and to them the 
word homology simpiv meant similarirv 



origin, 1 but it also carries the loose meaning ccrjTJ T 

of ^possessing similarity or being matched.' W hm I USe a WOT(t " 

Its rampant use in the loose sense is cloeeine c/yV// TT*j^j*+ A . T\ A 

the literature on protein and nirickH ^ ^UfVlpty DuMpty 

sequence comparisons with muddv writing M a VatheV SCOmfiil 

and, in some cases, muddy thinking." tnn* CC2+ • 



and, in some cases, muddy thinking." 

This verbal volley, launched in the pages 
of Cell, is the most recent attack on an old 
problem. "Yes, this battle has been fought 
for more than a decade, but it has usually 
b«n fought by individuals," savs Gerald 
Rceck of the Kansas State University "I 
thought it was time for a more concerted 
effort." That effort is in the form of an 
appeal signed by Recck and ten prominent 
cvolunonanly-oricnted molecular biolo 



tone, "it means just 
what I choose it to 
mean- -neither more 
nor less. 33 

This word mutation became fixed in this 
group, and continues through to today A 
second group led by Walter Fitch and oth- 
ers-people wjth a much greater awareness 



gists, including, Richard Dkkcrson Thorn *"* 3 mU * 3Warcncss 

as Dukes, Emfnuel MargobiranSe* f eV ° lmon ^' ^logy-saw the need for 
Zm+«ir.~« ™ ^ ™ Emj,e corrcc t "«ge, and invented all kinds of other 



Zuckerkandl. "With a collective effort to 
mend our ways, proper usage [of homolo- 
gy] would soon become fashionable and 
therefore easy." they write. "We believe that 
we and our scientific heirs would benefit 
significantly." 

The problem arises in the comparison of 
sequences, cither of proteins or genes in 
which, say, a 20% identitv of sequence is 
typically described as 20% homology. "Mo- 
lecular biologists know what thev mean bv 
such a statement," savs Walter Fitch, a mo- 
lecular biologist at the University of South- 
cm California and a cosigner of the letter. 
"But in fact they are mixing together two 
different, but related, properties. To classical 
biologists, homology means not just similar- 
ity of structure, it means common descent 
It may be true in many cases that similarity 
of sequences between, sav, two genes is the 
result of common descent, of homology. 
But I believe it is important to distinguish 
'570 



terms that simply made the whole thing verv 
complicated and esoteric." 

In recent years the sequencing fraternity 
has far outweighed Fitch and his ilk, and 
homology meaning similarity has become 
common usage, as any quick glim psc of the 
literature reveals. "We've been swamped " 
says Rceck. At the same time, manv molecu- 
lar biologists have become interested in cvo- 
lunonary questions. As the Whitehead Insti- 
tute's David Baltimore once remarked, "ev- 
erything w C look at is evolution." Once this 
happened, the potential for confusion be- 
came acute. 

The first skirmish over the use of homolo- 
gy was berween Fitch and others in the 
pages of Science some 15 vcars ago. Fitful 
exchanges continued in various vehicles 
with a flurrv of letters breaking out in 
Nature 4 vears ago. Reeck's current multi- 
authored appeal is an attempt to raise d ie 
■ssuc bevond the level of individual sparring 



Tvc been spending summers collaboratmj 
with Chnsoph de Hacn and David TcS 
says Reeck, "and we would discuss this fS 
ame to time. Eventually we decided than 
group effort was the only way to achi, 1 
anything. The result was the letter to ( 
Dc Haen and Teller, both at the Univ, 
of Washington, became cosigners. 

"People tell us that things have gone tocV 
far, says Fitch, "even people who werd 
sympathetic with what we are trying to do 1 
Maybe that's true. I'm not interested 
faghnng tor | OS t causes. I just think things* 
should be clear." 

The clarity Fitch seeks is this. "In its • 
precise biological meaning, 'homology* is a 
concept of quality. The word asserts a type* 
of relationship between two or more- 
things," write Rceck and his colleagues 
That relationship is common descent, and 
therefore homology cannot be partial- • 
10% 20%, and so on. "Things can't be , 
partially homologous any more than a wom- 
- an can be partially pregnant." quips Fitch 
If using 'homology* loosely did not inter- 
fere with our thinking about evolutionary 
relationships," write Rceck and his col- 
leagues, "the way in which we use the term 
would be a rather unimportant semantic 
issue. The fact is, however, that loose usage 
m sequence comparison papers often makes 
>t difficult to know the author's intent and i 
can lead to confusion for the reader (and £ 
even for the author)." ^ 

One key source of confusion is that a 
degree of structural similarirv is an irrefut- 
able quantified fact, supposing the sequenc- 
ing has been done correctly. Bv contrast the 
suggestion of common descent must always 
be an hypothesis, however strongly support- 
ed by the evidence. Structural sim'ilaritJand 
homology are clearly very closely tied to- 
gether, but they arc not necessarily the same 
thing. 

Keeping the two things apart requires 
using different words, urge Rceck and his 
colleagues. " Sequence similarity " should be 
used to describe what is observed between 
two structures. "Homology" is the inference 
of common evolutionary origin. Period The 
cosigners say chat many people argue that 
artempnng to enforce such terminology is 
anachronistic, that the word homology itself 
is evolving and taking on new meanings "If 
that evolution is toward vagueness and if it 
results m making our scientific discourse 
unclear, surely we should intervene." ■ 

Roger Lewin 
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G. R Rceck a at. "Homology in proteins and nucleic 
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Letter to the Editor 



in Proteins and Nucleic 
[ ^?'f^ds$A Terminology Muddle and 

'^:S$^^y^Mt : of it 

: = the precise meaning in biology of "having 

a common evolutionary origin," but it also carries the loose 
. / -meaning of "possessing similarity or being matched " Its 
^:raifipaht use in the loose sense is clogging the literature 
1 - : on protein and nucleic acid sequence comparisons with 
muddy writing and, in some cases, muddy thinking. 

In its precise biological meaning, "homology" is a con- 
cept of quality. The word asserts a type of relationship be- 
tween two or more things. Thus, amino acid or nucleotide 
sequences are either homologous or they are not. They 
cannot exhibit a particular "level of homology" or "percent 
homology." Instead, two sequences possess a certain 
level of similarity. Similarity is thus a quantitative property. 
Homologous proteins or nucleic acid segments can range 
from highly similar to not recognizably similar (where 
similarity has disappeared through divergent evolution). 

If using "homology" loi&ejy did not interfere with our 
thinking about evolutionary relationships, the way in 
which we use the term would be a rather unimportant 
semantic issue. The fact is, however, that loose usage in 
sequence comparison papers often makes it difficult to 
know the author's intent and can lead to confusion for the 
reader (and even for the author). 

There are three common situations in which hazards 
arise by using "homology* to mean similarity. The first 
case is the most obvious offense but perhaps the least 
troublesome. Here an author identifies sequence similari- 
ties (calling them homologies) but claims that the se- 
quences being compared are not evolutionarily related. 
Some awkward moments occur in such a paper, since the 
author claims both homology (i.e., similarity) and nonho- 
mology (i.e., lack of a common ancestor). Nonetheless, 
the author's ideas are likely to be clear since arguments 
against common ancestry are presented explicitly. 

A second case is one in which an author points out 
similarities (again called homologies) but does not ad- 
dress the issue of evolutionary origins. The reader, seeing 
the term "homology," may infer that the author is postulat- 
ing coancestry when that is not the author's intent. 

The final case occurs most frequently and is the most 
subtle and therefore most troublesome. Here, similarities 
(called homologies) are used to support a hypothesis of 
evolutionary homology. In this case, the two meanings of 
homology seem to overlap, and it is almost inevitable that 
the thinking of author and reader alike will be intrusively 
distorted as follows. Similarity is relatively straightforward 
to document. In comparing sequences, a similarity can 
take the form of a numerical score (% amino acid or 
nucleotide positional identity, in the simplest approach) or 
of a probability associated with such a score, tn compari- 
sons of three-dimensional structures, a typical numerical 



description is root-mean-square positional deviation be- 
tween compared atomic positions. A similarity, then, can 
become a fully documented, simple fact. On the other 
hand, a common evolutionary origin must usually remain 
a hypothesis, supported by a set of arguments that might 
include sequence or three-dimensional similarity. Not all 
similarity connotes homology but that can be easily over- 
looked if similarities are called homologies. Thus, in this 
third case, we can deceive ourselves into thinking we have 
proved something substantial (evolutionary homology) 
when, in actuality, we have merely established a simple 
fact (a similarity, mislabeled as homology). Homology 
among similar structures is a hypothesis that may be cor- 
rect o^m'isTaKenr but a similarity itself is a fact, however 
it is interpreted. 

We believe that the concepts of evolutionary homology 
and sequence or three-dimensional similarity can be kept 
distinct only if they are referred to with different words. We 
therefore offer the following recommendations: 

•Sequence similarities (or other types of similarity) 
should simply be called similarities. They should be 
documented by appropriate statistical analysis. In writing 
about sequence similarities the following sorts of terms 
might be used: a level or degree of similarity; an alignment 
with optimized similarity; the % positional identity in an 
alignment; the probability associated with an alignment. 

•Homology should mean "possessing a common evolu- 
tionary origin" and in the vast majority of reports should 
have no other meaning. Evidence for evolutionary homol- 
ogy should be explicitly laid out, making it clear that the 
proposed relationship is based on the level of observed 
similarity, the statistical significance of the similarity, and 
possibly other lines of reasoning. 

One could argue that the meaning of the term "homol- 
ogy" is itself evolving. But if that evolution is toward vague- 
ness and if it results in making our scientific discourse 
unclear, surely we should intervene. With a collective deci- 
sion to mend our ways, proper usage would soon become 
fashionable and therefore easy We believe that we and 
our scientific heirs would benefit significantly. 

Gerald R. Reeck, 1 Christoph de Haen, 2 David C. 
Teller, 3 Russell F. Doolittle/ Walter M. Fitch, 5 Richard 
E. Dickerson, 6 Pierre Chambon, 7 Andrew D. McLach- 
lan, 8 Emanuel Margoliash, 9 Thomas H. Jukes, 10 and 
Emile Zuckerkandl 11 

'Department of Biochemistry, Kansas State University. Manhattan. 
Kansas 66506; departments ol Medicine and Biochemistry, Univer- 
sity of Washington. Seattle, Washington 98195; department of Bio- 
chemistry, University of Washington. Seattle, Washington 98195; 
^Department of Chemistry. University of California at San Diego, La 
Jolla, California 92093; ^Department of Molecular Biology, University 
of Southern California, Los Angeles. California 90089; Molecular Bi- 
ology Institute. University of California. Los Angeles, California 90024; 
'Institute of Biological Chemistry, Strasbourg, France; HARC Labora- 
tory of Molecular Biology, Cambridge. England; 9 Department of Bio- 
chemistry and Molecular Biology. Northwestern University, Evanston, 
Illinois 60201; 10 Departrnent of Biophysics. University of California. 
Berkeley, California 94720; "Linus Pauling Institute, Palo Alto, Califor- 
nia 94306 
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Innovation in gene therapy has become an area of intense interest to 
biomedical researchers, due to the failure of conventional methods to 
provide safe, prolonged expression of genes in vivo. Transfection methods 
provide safe, efficient delivery, but only transient expression. Although 
viral transduction methods provide permanent insertion of genes into the 
genome (via retroviruses), they are subject to safety problems, complement 
inactivation, size limitations and transcriptional inactivation of the 
viral promoter. This void between the two methods is being fulfilled by new 
materials and procedures aimed at utilising the best of both transduction 
and transfection manoeuvres. Synthetic vectors and delivery systems are 
also being devised to permit more selective targeting on three levels: 
transductional targeting (entry into desired cells); transcriptional 
targeting (selective expression) ; and positional targeting (entry into 
precise genomic loci) . The tools for these advanced molecular conjugate 
vectors include combinations of polycations, peptide signals, liposomes, 
viral enzymes, and the appropriate nucleic acid substrates. 
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Gene therapy for cancer. 
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Human Gene Therapy Research Institute, Iowa Methodist Medical Center, 
Des Moines 50309. 

Initiation of clinical trials of gene therapies for cancer has been made 
possible by two major technological advances: the ability to clone genes that 
constitute the genetic basis of carcinogenesis or that have therapeutic 
potential, and the development of an increasing number of gene transfer 
methods. As a result, 30 experimental trials of gene therapy for the 
treatment of human cancer have been approved in the United States of 
America. Here, we discuss the current status of gene therapy for cancer 
together with future directions for its development. 
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Gene Therapy's Growing Pains 

With more than 1 00 clinical trials started and hundreds of millions of dollars at stake, 
the field is struggling to meet expectations 



Last September, when Ashanthi DeSilva, a 
cheerful 8-year-old, appeared before the 
House Science Committee, the panel's chair 
at the time, Representative George Brown Jr. 
(D-CA), was moved to declare that she 
was "living proof that a miracle 
has occurred." DeSilva made GOflO 
history in 1990 when she re* Th&f&y 
ceivod the first authorized hu- 
man gene therapy ever attempted 
She had been horn with a defective version 
of the gene that normally makes the essential 
enzyme adenosine deaminase (ADA)— a 
condition that, i iefr untreated, causes a 
fatal malfunction of the immune system. 
Four years after receiving her first injection 
of cells containing functioning ADA genes, 
Ashanthi, apparently in yood health* was 
chatting with members of Congress. 

Since that epic treatment, gene therapy 
has taken off like a rocket. More than 100 
clinical trials, aimed at treating conditions 
ranging from inherited disorders such as cys- 
tic fibrosis to ewtcer and AIDS, have been 
* given the go-ahead, The National Institutes 
of Health (NIH) is spending an estimated 
$200 million a year to develop and test tools 
and techniques for gene therapy. Private 
companies have raised hundreds of millions 
of dollars to enter the field and are now spon- 
soring most of the clinical trials. Many aca- 
demic centers have created gene -therapy 
programs and joined rhe jockeying for a piece 
of th«: action. .; .,.,^> 

Yet in spite of this en- 
thusiasm — bolstered by 
media hype — all is not 
well in the world of gene 
therapy. So far, there has 
been no unambiguous evi- 
dence that genetic treat- 
ment has produced thera- 
peutic benefits. Even data 
from the pioneering ADA 
trials are not decisive: 
Ashanthi and the other 
children who have since 
been treated with gene 
therapy are also being 
given routine injections 
of synthetic ADA, and 
these conventional treat- 
ments may be responsible 
for thieir good health (see 
box on p. 1051). Gene 
therapists are still encoun- 





High hopes. The first attempt in 1990, 
to correct an ADA gene defect 



tering difficulties in transfer- 
ring genes to adequate numbers 
of target cells and getting them 
expressed. This problem afflicts all 
areas of gene therapy, but it has be- 
come acute in efforts to treat cystic fi- 
brosis (CF): Several CF protocols have 
been revised because of side effects that may 
have been triggered by the adenovirus agent 
used to transfer genes, and some researchers 
say that adenovirus-hased therapy for CF 
must now be rethought (see box on p. 1052). 

Faced with such fundamental problems, 
several biomedical leaders, including NIH 
Director Harold Varmus, are saying it's time 
for NIH to pause, examine what gene therapy 
has accomplished, and determine what rile 
NIH should be playing in the field. "Despite 
the growing support for gene therapy," 
Varmus said at a public meeting in May, the 
fie Kl "remains at a very early stage of develop- 
ment. While there are several reports of con 
vincinggene transfer and expression, there is 
still little or no evidence of therapeutic ben- 
efit in patients — or even in animal models.'* 
Nor, he added, is there a consensus about 
which gene delivery systems will be nr.isr 
effective, and he said he wasn't confident the 
field was choosing the best lines of attack. 

Of particular concern to Varmus and 
some leaders in the field is the possibility that 
the intense commercial interest in gene 
therapy is prompting a stampede into clinical 
trials and pressure for 
I quick results — before the 
S basic science has been 
I worked our. Drew Par- 
I doll, a Johns Hopkins 
| University co- investiga- 
tor in a gene-therapy trial 
for prostate cancer, de- 
plores the lack of rigor in 
many studies. "There's 
been an emphasis on 
glitz," he says. "It's pro- 
duced a culture in which 
getting into clinical tri- 
als — getting into the 
club— has been more im- 
portant than getting a 
meaningful result." 

These concerns have 
prompted the most in- 
tensive review of this 
burgeoning field since 
that first ADA experi- 



ment 5 years ago. Earlier this yer.r, Varmus 
created two high-level panels to advise him 
on how NIH should proceed. The first, 
chaired by Inder Verma, a geneticist at the 
Salk Institute, is looking inco NIH's proce- 
dures for approving gene-therapy clinical tri- 
als (see box on p. 1054). The second, co- 
chaired by Arno Motulsky, a geneticist at the 
University of Washington. Seattle, and 
Stuart Orkin, a hcmatologist at Harvard 
University, has been asked to chart a strategy 
for how NIH should invest in gene therapy, 
choose areas to emphasize, and help shape 
guidelines for medical practice. Both panels 
will issue recommendations by December. 

The Motulsky-Orkin panel is drawing a 
lot of interest — and some nervousness — 
from gene- therapy researchers in part ?* 
cause Varmus deliberately set it up to take an 
independent look at the field. Varmus chose 
its members, he said, for their "stature in the 
scientific community" and because none is 
directly involved in running a gene- therapy 
company or clinical trial. 

Varmus\s intramural adviser on gene 
therapy, virologist Nelson Wivel, director of 
the NIH 0\'(kc of Recombinant DNA Ac- 
tivities, says he "would not be surprised" if 
the panel suggests backing oft from the heavy 
emphasis on clinical trials today. Instead, 
Wivel suggests, the panel may stress the im- 
portance tit" fun< J > ^ basic virology and im- 
munology. "This is the primary question," 
Wivel says: "Should you be doing more 
|clinical| trials before you've solved other 
major technical issues," such as making vec- 
tors more efficient and less toxic? These re- 
cent developments at NIH, the cradle of 
gene therapy, suggest the soaring enthusiasm 
tor clinical experimentation may be cooling. 

A glass half full? 

That enthusiasm is still very visible these 
days — particularly in the media. "Gene 
Therapy Techniques Advance as Potential 
Treatments for Cancer," reported Genetic 
Engineering News on I March. "The Birth of 
a Mega market," proclaimed Fortune on 15 
May, featuring Canji Inc., a gene-therapy 
company in San Diego. "Gene Therapy May 
One Day Help Doctors Fix Ailing Hearts," 
announced Johns Hopkins University on 
28 July. "Gene Therapy Boosts Radiation 
Therapy for Cancer " said a University of 
Chicago press release on 31 July. 

Beginning with a wave of media attention 
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jury Still Out on Pioneering Treatment 



Every time physician Melissa Elder opens a vial of the enzyme 
she injects into two young brothers she treats, it costs $2200. 
Elder says the two hoys use a total of five vials a week; it costs more 
than $40,000 a month to keep them healthy. 

These brothers— Rhett, age 4, and Zach, age I— lack a gene 
that expresses the enzyme adenosine deaminase (ADA), essential 
to the immune system. Failure to produce ADA leads to a deadly 
condition: severe combined immunodeficiency disease. To fend 
it off and keep infection at hay, Elder, an immunologist at the 
University of California, San Francisco, treats Rhett and Zach 
with a synthetic form of the enzyme known as PEG- ADA. She 
says the parents arc acutely aware of their sons' vulnerability— 
and of the cost of using PEG-ADA: "The parents lose sleep 
worrying about what will happen when their insurance reaches us 
cap." The policy has n limit of $ 1 million, already half spent. 

This is exactly the kind of misfortune gene therapy is meant to 
prevent. But it hasn't in this case: Zach has received gene therapy 
to replace missing ADA genes since shortly arter he was born. 
U\ * rhe other children who have been given 
ADA gene therapy in the United States and 
overseas, he still gets weekly injections of PEG- 
ADA. Even rhe two girls who made history 5 
years ago as the first patients to receive ADA 
gene therapy receive PEG-ADA shots. The rea- 
son: Physicians have seen other children's im- 
mune function decline when PEG-ADA was re- 
duced, and they worry that it would risk the 
children's health to rely on gene therapy alone. 

Elder and other physicians treating the hand- 
ful of children who have been given gene ther- 
apy for ADA deficiency say their patients' health 
has improved. But as long as the children con- 
tinue to get PEG-ADA shots, researchers cannot 
say for sure how much of the credit should go to 
the gene therapy. 

Even principal investigators in the gene therapy 
tr i a [ s —Michael Blaese of the National Institutes 
of Health (NIH) and Donald Kohn of the Los 
Angeles Children's Hospital— agree that the 
mixed treatment clouds the role of gene therapy 



But, in a telling indication of the hit-or-miss nature of this new 
technology, only 0.1% to 1% of the other patient's did. Clinical 
signs have improved in both giris, however. In Ashanthf s case, "it's 
very hard to say this was due just to enzyme [PEG-ADA]," says 
Blaese, although he recognizes that in the other case, "there just isn't 
enough" of the new gene present for it to deserve much credit. 

Other researchers say it's easy to overestimate gene therapy's 
contribution. Ricardo Sorensen, a physician at the Louisiana 
State University Medical Center who treats ADA-deficient chil- 
dren, notes that the infusion of stimulated T cells alone may have 
been beneficial for these young patients and that the PEG-ADA 
must have helped. The best way to sort out what each treatment 
did, says Sorensen, would be to give T cell therapy, PEG-ADA 
therapy, and gene therapy independently to patients with similar 
conditions. Short of that, says Michael Hershfield, the Duke 
University researcher who developed PEG-ADA, a good way to 
get an answer would be to withdraw PEG-ADA from children 
who have received gene therapy and see how they do. That is 
- ■ . * exactly what Blaese and his colleague Kohn are 
* doing right now. 

Together, they have been running an experi- 
ment in which Zach and two other ADA-defi- 
r cient boys were given a new type of ADA gene 
Vtherapy in 1993, at their birth. In all thv cases, 
,- r Vresearchers removed blood from the children's 
& umbilical cord and attempted to inject an ADA 
|^ gene into long-lived "stem" cells, which give birth 




Proof seeker. NtH's Blaese 
aims to prove ADA 
therapy works. 



There are a lot 

IlllACU UCrtlUlti" viv/uuj i.m.*. — o r » 

of questions to be answered," Blaese concedes. But he argues that, 
in the case of his first two gene-therapy patients, "the experiment 
was valuable irrespective of whether (the children] were on en- 
zyme or not." He says the experiment proved that it's possible to 
transfer corrective genes to humans and to get the genes to express 
ADA "at a very good level" in at least one patient— Ashanthi 
DeSilva— for several years. 

Ashanthi was given her first dose of gene therapy in 1990; a 
second patient was treated in 1991. Both were also put on PEG- 
ADA, approved as a standard therapy in 1990 by the Food and 
Drug Administration. In attempting gene therapy, Blaese and a 
team at NIH focused at first on T cells circulating in the girls' 
bloodstream— removing blood, treating T cells with stimulants, 
inserting a new ADA gene, and infusing the cells back into the 
patients. Each girl received U to 12 treatments. Blood tests 
conducted 3 years later showed that more than 50% of Ashanthi's 
circulating T cells contained the new gene, says Blaese. 

* Polyethylene gfycol-ADA. bovine ADA with artificial surfaces added 
to prolong life in the bloodstream, manufactured as Adagen by 
Enzon Inc. of Piscataway. N.J. 
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Ito other blood cells and are relatively abundant in 
Jcord blood. The goal: to create a permanent 
| source of ADA-competent T cells. Preliminary 
data suggest partial success: Up to 10% of their 
circulating T cells now seem to carry a 
healthy gene, and Kohn says the hope is 
that, with time, these healthy cells will 
accumulate and predominate. 
These children have also been receiving 
PEG-ADA since birth, says Kohn, because "it 
is a standard therapy, and we felt it wouldn't be 
ethical to withhold it." However, the PEG-ADA 
helps keep genetically defective cells alive, and in 
theory, its use retards the rate at which they can be 
cleared from the bloodstream to make room for healthy cells. For 
this reason, Blaese and Kohn are eager to see the boys' PEG- ADA 
shots curtailed. Since January, Blaese says, the level of PEG-ADA 
given these three patients has been cut in half (to 30 units per 
kilogram per week). By the end of the year, he had hoped to cut it 
close to zero. 

But the experiment is not advancing as rapidly as Blaese would 
like. Physicians for all three boys— including Elder— say they are 
reluctant to cut the PEG-ADA doses below the present level. 
Elder, for example, says: "The more PEG-ADA I give, the better 
the white cell count" and the snonger the immune function. 
Already the patients* white cell counts have dropped with the 
initial decline in PEG-ADA doses, although the fraction of 
"cured" T cells has increased. Physicians are watching closely to 
see whether the boys can tolerate farther reductions before allow- 
ing the experiment to proceed. If so, and if the transplanted genes 
eventually pmvide all the ADA Zach and the other two boys in 
this test require, it would be the first unambiguous demonstration 
that gene therapy has cured a patient's disease. 
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generated by NIH's attempt to fix Ashanthi 
DeSilva*s defective ADA gene 5 years. ago, 
encouraging reports like these have swelled to 
a flood. Most such reports are based on research 
developments that have yet to be tested in 
clinical trials, however. And the clinical tri- 
als that have been conducted over the past 5 
years have yielded very few published re- 
sults — so few that the Motulsky-Orkin panel 
will have little hard data to analyze as it tries 
to figure out how the field is progressing. 

NIH's Recombinant DNA Advisory 
Committee (RAC), which reviews all N1H- 
funded clinical research protocols for gene 
therapy, discovered for itself the paucity of 
data when it established a subcommittee to 
see where the field is heading. The panel, led 
by Brian Smith, a Yale University oncologist 
and RAC member, and NIH staffer Debra 
Wilson, scanned all trials approved by the 



RAC and the Food and Drug Administration 
(FDA) through June 1995. The panel found 
little concrete information on the results of 
these trials, but it did paint a remarkable 
picture of how rapidly the field has grown — 
both in terms of the numbers of trials and the 
wide range of disorders gene therapists are 
boldly trying to treat. 

The RAC team found that 567 patients 
are involved in 106 RAC-approved experi- 
ments. Almost half (268) are new recruits, 
having entered trials since December 1994. 
Only a small fraction of these experiments 
are aimed at correcting defective genes. In- 
stead, most protocols aim to induce specific 
cells, such as cancer cells or cells infected by 
HIV, to produce proteins that would make 
them vulnerable to attack by the immune 
system. Others are attempting to use gene 
therapy as an adjunct to traditional chemo- 




therapy for cancer (see chart on next page). 

The field, in short, has moved a long way 
from the popular notion of gene therapy as a 
cure for genetic disease. Indeed, the RAC 
panel identified only 20 trials focusing on 
single-gene deficiencies such as ADA. Of 
these, i 1 aim to replace the defective chlo- 
ride transport gene that causes cystic fibrosis, 
using an adenovirus vector to shuttle func- 
tioning genes into a patient's lung cells. 
Three other trials aim to treat Gaucher dis- 
ease, a metabolic disorder; single trials are 
aimed at each of six other rare diseases in- 
cluding ADA deficiency. Little has been 
published from these efforts: Only prelimi- 
nary data have seen the light of day in peer- 
reviewed journals. 

In contrast to the few efforts aimed at 
single-gene disorders, almost half the 106 tri- 
als are aimed at cancer. One reason for the 



The Trouble With Vectors 



Cystic fibrosis (CF) is a lethal inherited disease for which gene 
therapy offers a rare hope of relief. CF patients — of whom there are 
more than 30,000 in the United States — lack a gene that enables 
cells to process the chloride ion, causing their lungs to be plagued by 
mucus and infection. Gene therapy's promise is that one day it may be 
possible to replace defective genes with healthy ones, lengthening 
the lives of CF patients, who generally d ie as children or young adults. 

Already, researchers have transferred a working gene (known as 
CFTR) into the surface airway cells of lab animals. This success has 
inspired 1 1 human trials. But any expectation that these tests would 
quickly demonstrate therapeutic benefits has dwindled as research- 
ers have run into problems in transferring sufficient quantities of 
the CFTR gene into patients' cells. In addition, the vims Q e#je 
vector they are using as the transfer agent has provoked Therjfcy 
an immune reaction in some patients. 

CF researchers are not alone in encountering such diffi 
cutties. Indeed, right from the start, gene therapists have recognized 
that their central challenge would be to find safe vectors capable of 
transporting genes efficiently into target cells— and getting the 
cells to express the genes once they are inserted. Although there 
have been promising developments in some areas, it remains the 
central challenge for every area of gene therapy. Francis Collins, 
director of the National Center tor Human Genome Research 
(NCHGR), sums up the situation bluntly: "None of the currently 
available techniques is clinically useful for systemic gene delivery," 
the kind that can provide a permanent cure. For that reason, 
NCHGR has joined in a major program to improve vectors and 
make them available to clinicians (Science, 1 1 August, p. 75 1 ). 

The most popular vector used so far is one based on a retrovirus 
that normally infects mice. A crippled version of this retrovirus, 
loaded with therapeutic genes, has been used in 76 of the 106 
human trials approved to date, most of which involve patients with 
cancer or HIV. This mouse virus is the most efficient agent yet 
identified for transferring genes, although rates of transfer and 
expression vary dramatically in different patients (see p. 1051 ). 

The stark variation among patients isn't the only problem. An- 
other is that retroviruses insert genes only into cells that are actively 
dividing and growing, such as T cells. This rules out their use for 
treating diseases such as CF, where the target cells aren't dividing. 
A second drawback is that retroviruses insert themselves randomly 




into host DNA, posing what's thought to be a small — but real — risk 
of cancer. If a retrovirus gene should settle alongside an oncogene or 
tumor suppressor gene, it might trigger tumor formation by turning 
on or off the native gene. For these reasons, retroviral vectors have 
been used in "ex vivo" procedures — in which cells are removed 
from the patient, treated, and replaced — and when increased risk of 
cancer is not considered an obstacle to therapy. 

In contrast to those trials, therapy for CF patients has 
relied primarily on a vector based on a crippled adenovi- 
rus. This DNA virus infects 75% of young people, usually 
without causing illness, according to adenovirus expert 
Harold Ginsberg, emeritus of Columbia University, now at the 
National Institutes of Health (NIH). It's attractive for CF 
therapy because it seeks the lungs. It penetrates nondividing cells 
and relies on these host cells to express viral DNA. 

But it, too, has drawbacks. Adenovirus genes express proteins 
that trigger immune responses. In consequence, large concentra- 
tions of wild virus — and even crippled virus — provoke inflamma- 
tion along with an immune attack that neutralizes cells containing 
adenovirus genes. For this reason, the effects of adenovirus vector 
therapy are likely to be short-lived, lasting about 6 weeks. And, 
because the immune system "remembers" antigens and attacks 
them with extra vigor on a second encounter, repeat dosing with 
adenovirus vector seems impractical at present — unless a strong 
immune response is desired, as in some types of cancer therapy. 

Research on CF gene therapy by Richard Boucher and col- 
leagues at the University of North Carolina, Chanel Hill, indicates 
that clinicians using adenovirus as a vector are caught between two 
problems. When administered at low concentrations it is ineffi- 
cient: The virus doesn't get into many human nasal cavity or airway 
cells, and few cells express the corrected CFTR gene. At high doses, 
however, it appears to cause acute inflammation, Boucher says. He 
notes that three or four CF gene therapy trials have been compelled 
to stop or adjust doses to deal with acute reactions in patients. Some 
researchers, such Ronald Crystal, who pioneered this field at NIH 
and is now at the Cornell University Medical Center in New York, 
think past problems with CF therapy may not involve fundamental 
issues so much as a need to find the right way to deliver existing 
materials. But Boucher and Ginsberg believe immunogenic ity has 
been and continues to be a fundamental problem. 
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Broad focus. The majority of trials now target 
diseases with targe patient populations. 

growing emphasis on this disease, says Wi vel, 
is that private investment in gene therapy is 
increasing, and companies can't justify large 
R&D expenses unless they can expect to 
treat large patient populations. Another rea- 
son is that these patients often have no alter- 
natives in conventional medicine and are 



therefore eligible for experimental therapy. 

Thirty of the 5 1 cancer trials are designed 
to insert into tumor cells a gene expressing a 
substance such as the lymphokine interleukin- 
2 (an immune-system signaling molecule), 
in the expectation that it will stimulate a 
natural immune attack on the tumor ceils. 
Another 1 1 studies aim to induce tumor cells 
to express the herpesvirus protein thymidine 
kinase, which makes them vulnerable to treat- 
ment with the drug gancyclovir. The remain- 
ing 10 trials test three other strategies, in- 
cluding four trials that seek to stop cancer by 
activating tumor suppressor genes. No results 
have yet been published from these trials. 

Another fast-growing area is gene therapy 
for AIDS. Indeed, the majority of patients 
enrolled in clinical trials approved in the first 
half of 1995—168 out of a total of 268— are 
participating in tests of an anti-HlV therapy 



sponsored by Viagene Inc. of San Diego. 
(These include a trial approved only by FDA; 
private trials need not obtain RAC approval.) 

Viagene has focused on a succession of 
strategies in at least four RAC-approved 
HIV trials. These studies aim to put genes 
that express HIV proteins into some of a 
patient's cells, in the hope that the cells will 
express antigens that will prime the immune 
system to attack infected cells carrying the 
same antigens. In addition to Viagene's tri- 
als, five others go after HIV with other strat- 
egies: They seek to disrupt viral functions by 
creating decoy molecules to compete with, 
sequester, or cleave products produced by 
HIV, or they try to cause HIV-infected cells 
to express thymidine kinase or other mol- 
ecules that make them targetable by chemi- 
cal attack. Clinical results have not yet been 
published from any of these trials. 
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These two vector types — retrovirus and adenovirus — account 
for more than 85% of those used in clinical trials. But leading 
researchers and a few companies are looking for other vehicles. For 
example, Joseph Glorioso, director of the gene-therapy program at 
the University of Pittsburgh, is focusing on herpesvirus. It infects 
the central nervous system and carries a remarkable "latency gene" 
that hides it from immune attack. In theory, herpesvirus vector 
could be used to insert DNA into the nervous system. But it is 
difficult to manipulate and may have hidden risks. Eventually, 
Glorioso hopes to seek approval to use it for cancer therapy. 

R. Jude Samulski, leader of the gene-therapy program at the 
University of North Carolina, is investigating adeno-associated 
virus (AAV). It has no known toxicities and replicates only in the 
presence of a "helper virus," making it look very safe. It may have 
other advantages, says Samulski: It is simple, and its "life cycle 
suggests it may be able to persist and deliver genes for a long time." 

But Samulski acknowledges a common criticism: AAV is diffi- 
cult to produce in large quantities. One leading gene-therapy re- 
searcher who asked not to be named claims that current AAV 
technology is inefficient and expensive, adding: "AAV is like an 
onion — the more layers you peel off, the more you cry." So far, only 
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one human trial using AAV — for treatment of cystic fibrosis — has 
been approved; no data are yet available. But Samulski predicts, 
"You'll see more and more AAV protocols.** 

Viagene Inc. of San Diego is investigating sindbis — an African 
virus that infects the nervous system — as a new vector. Its virtue 
include a unique and highly productive method of replication. 
Other groups are looking into HIV as a vector, although probably 
only for treating HIV patients. 

The hottest alternatives to viruses are oily substances known as 
cationic liposomes. These concoctions, which come in many vari- 
eties, can slip DNA into the cell's nucleus and cause genes to be 
expressed. One skilled user of the technology, Gary Nabel, a 
Howard Hughes Medical Institute investigator at the University of 
Michigan, predicts liposomes will improve dramatically in the next 
few years, increasing levels of gene expression by "an order of 
magnitude or more," and that they will quickly Toe adapted for 
clinical use. In addition to liposomes, two other nonviral vectors 
have been adopted for clinical trials: direct injection of plasmid 
DNA into the muscle (two trials) and air-gun injection of a DNA- 
coated pellet (one trial). 

These examples should make clear that there is as yet no perfect 
vector. And many researchers say we shouldn't expect 
one: Instead, there will be a contusing array of viral bits 
and pieces, combined with other gene-transfer agents, all 
of them used in custom tools designed for specific applica- 
tions. But if a perfect vector were to be created, it might 
look something like the one being pursued by the intra- 
mural research staff at NCHGR. 

NCHGR has launched a project, led by Melissa 
Rosenfeld and Paul Liu, to develop what they call a "hu- 
man artificial chromosome.** The idea is to create a syn- 
thetic 25th chromosome, big enough to transport whole 
"suites" of genes into the nucleus of a target cell includ- 
ing all the regulatory sequences that surround a critical 
gene. Collins told a review panel in May that NCHGR is 
collaborating with a few extramural groups in an "in- 
tense" effort to push this "high-risk** project forward. But 
a staffer notes that it hasn't yet achieved "proof of prin- 
ciple.** For the present, Collins observed, "the paucity of 
clinically acceptable gene transfer techniques severely 
limits the potential applications of gene therapy." 
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From the start, gene therapy has been one of the most conten- 
tious fields in biomedicine. In the early days, debate focused on 
safety— op the possibility, for example, that engineered DN A 
might create novel infectious viruses or trigger new forms, of 
cancer. To minimise such risks and reassure the public, the 
National Institutes, of Health (NIH) beginning in 1980 Q ^ 
asked all government-ninded gene therapy researchers Jliei 
to submit protocols for prior approval by a public panel. 
Today, these reviews are carried out by NIH!s Recombi 
nam DNA Advisory Committee (RAC), a mixed group of 20 
scientists and nonscientists who meet quarterly at NIH. RAC has 
voted on virtually every gene therapy trial in the United States. 

Now, after 5 years of clinicalexperimentatton and no evi- 
dence that gene therapy poses a general risk to the public, fears are 
fading and, with them, the justification for RAC. Some leaders in 
gene therapy— especially researchers eager to get experiments 
launched and companies with large sums hanging on clinical 
trials—are saying it's time for RAC to think about retiring. They 
point out thai ^ | aw already requires the Food and Drug Admin- 
istration (FPA) to monitor clinical trials and clear therapeutic 
products for safety and efficacy, which means that gene therapy 
has to pass two federal checkpoints. 

Stephen Marcus, an executive at> Genetic Therapy Inc. of 
Gaithersburg, Maryland, says, for example, that RAC delays by 2 
months or more decisions ultimately made at the FDA. "It may be 
a little "hyperbolic" to suggest that lives are being lost as a result, 
Marcus says, "but the concept is there." Likewise, Thomas Reynolds 




of Targeted Genetics in Seattle complains that RAC 
has become a "bottleneck." He'd rather see it focus on 
novel issues, like germ-line therapy, new vector systems, 
new disease targets" — not on reviews of individual protocols. 
Members of the RAC themselves have also expressed 
uncertainty about the role they're expected to play, NIH Direc- 
tor Harold Varmus has observed. While public members of the 
panel tend to focus on safety and ethics, those with expertise in 
biology often zero in on technical aspects of proposals that they 
find inadequate. RAC has thus suffered from a split personality. 
To clarify the committee's proper role, Varmus has taken a couple 
of steps in the past year. First, he has asked RAC's staff and the 
FDA to work out a unified review process, now being put into 
effect, that may allow researchers to submit a single application 
for review by both agencies. Only those that raise new technical 
or ethical issues would be debated by the RAC. 

Second, Varmus has appointed a special ad hoc study group- 
headed by oncogene researcher lnder Verma of the Salk Institute 
in La Jolla, California— to consider how NIH should review gene 
therapy in the future. One of the big questions to be addressed is: 
Who, if anyone, should scrutinize clinical trials for scientific 
value? Officially, that isn't RAC's job, although expert members 
find it hard not to comment on technical quality. The Verma 
panel will deliver its recommendations on this and other broad 
questions about how NIH should handle gene therapy trials to 
Varmus by December. 

-E.M. 



Most of the other Trials reviewed by RAC 
are not aimed at delivering therapy: They are 
designed to tag specific cells with genetic 
markers to provide information about the 
fine of the cells. When RAC members sifted 
through the catalog of these "gvrw marking" 
trials in June, they found that although this 
area gets little public attention, it is in tact 
scientifically the most encouraging area. 
Smith says they have produced at least four 
peer- reviewed publications laden with "hard 
data." The research has shown, for example, 
that cancer relapse following autologous 
hone marrow transplants — in which a 
pat icnt s bone marrow is re- 
moved before intensive che- 
motherapy and later re- 
placed — often is caused by 
tumor cells that survive in 
the marrow. It indicates that 
clinical research should zero 1 
in on ways to purge tumor 
cells from the marrow. ;| 
Whether this overall V 
picture is judged positive I 
depends in large measure on j 
who's being asked. Pioneer :; 
gene therapists and industry 
leaders tend to view the ex- 
plosion of trials as evidence 
of progress. Independent 
academics, on the other Back to testes, 
hand, often see the glass as wants less hype. 
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half empty. But both sides can agree that, at 
the least, the field isn't harming its patients. 
.Clinical trials, says Smith, have shown few 
signs of toxicity and no hints of ninaway 
genetic mutations: 'There are no three - 
headed cows" of the kind anticipated in "Na- 
tional Emiiiirer-land " he jokes. But the disap- 
pointing news. Smith finds, is that so far only 
hints of therapeutic benefit have appeared. 

Wivel notes that nearly all the gene- 
therapy trials so far have been "phase I" trials, 
designed to test safety rather than efficacy. 
So they can t really be judged on effective- 
ness. But that hasn't discouraged some gene- 
therapy leaders from trying. 
Stephen Marcus, a vice 
president at Genetic Ther- 
apy Inc. of Gaithersburg, 
i Maryland, cites a brain can- 
cer patient who. after sur- 
gery for glioblastoma, was 
treated with GTPs ami- 
cancer gene therapy and has 
survived for more than 2 
years. This is almost unheard 
of, Marcus says, and is clearly 
"a case where there is some 
evidence of effectiveness." 
He notes, however, that "we 
realize this is anecdotal." 

But the RAC members 
who reviewed cancer tri- 
als — Robert Erickson of the 




James Wilson 
more research 



University of Arirona and R. Jude Samulski 
of the University of North Carolina — 
deemed it "u>o early" to reach any conclusion. 
Erickson found several unpublished reports 
that gene therapy had reduced tumor size, 
but noted that other, simpler therapies have 
produced similar reports in the past. Sam- 
ulski pointed to a common theme running 
through the cancer studies that raised some 
concern: low rates oi gene transfer. 

Indeed, difficulties in getting genes trans- 
ferred efficiently to target cells— and getting 
them expressed — remain a nagging problem 
for the entire field. Vims-based vectors have 
been the most efficient lor inserting genes 
into cells in the lab. but they have run into 
problems in the clinic. Often the fraction of 
cells receiving the new gene is low, particu- 
larly if these targets of gene therapy are long- 
lived "stem" cells that give birth to other 
cells. Researchers say it has been difficult to 
achieve a 1% rate of gene transfer into stem 
cells, for reasons not fully understood. And 
even when genes are inserted in stem cells, 
they may not be active in second -generation 
cells, yielding less-than-adequate therapy. 

Boosting the rote of gene transfer by in- 
creasing the concentration of vector or by 
dosing patients repeatedly may create an- 
other problem, however: It may stimulate 
the immune system to attack and neutralize 
the therapy-bearing cells. Francis Collins, 
director of NIH's National Center for Hu- 
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man Genome Research, told the Motulsky- 
Orkin panel in May that "many problems 
must be solved before gene therapy will be 
useful for more than the rare application." 



ill .... 

Company Sponsor 



Voting with their checkbooks 
Academic researchers are still grappling with 
many fundamental issues in gene therapy. 
But industry leaders and their financial 
agents are gung-ho. Investors have poured 
hundreds of millions of dollars over the past 
5 years into gene-therapy companies, drawn 
by hopes of blockbuster discoveries. And big 
companies are now getting into the act. Late last 
year, Switzerland's Ciha-Geigy Ltd. acquired 
a 49.5% share of Chiron Corp. of Emeryville, 
California, which then turned awund in 
April 1995 and began buying Viagcnc. Less 
than 3 months latei, another Swiss pharma- 
ceutical giant, Sandoz AG, bought GTI— 
an investment thm gives SanJot rights to 
GTI's broad patent for "ex vivo" therapy, 
in which cells ivc removed from the pa- 
tient, given new ^cnes, and replaced (Science, 
31 March, p. 1899). Also 
last fall, the French company 
Rhone-Poulenc Rorer struck 
agreements with a network 
of small companies to gain 
access to the latest research 
(Science, 18 November 1994, 
p. 1151). 

One result of this burgeon- 
ing investment is that private 
companies have come to 
dominate clinical trials of 
experimental gene therapies. 
By June, according to the 
RAC, 1 3 firms had won ap- 
proval to run at least 34 gene- 
therapy trials — so that now, 
60% of all therapeutic trials 
are privately funded. Indus- 
try also plays an indirect n>le 
in physician-sponsored tri- 
als, supplying vectors at 
little or no cost. 

This trend is worrying some leaders in the 
field, who say biotech companies are forcing 
the pace and direction of research, and not 
always in ways anchored in the best science. 
Varmus, for example, says that while it's "a 
good thing" that investors are willing to pick 
up the tab for "very expensive" clinical ex- 
periments, these trials absorb "a lot of re- 
sources and talent " and he isn't sure that 
they "are scientifically as worthy as other 
things that could be done." He's concerned 
about understanding the biology of viruses 
used to transfer genes and of the immune 
reactions they provoke. 

Varmus isn't alone in expressing concerns. 
James Wilson, director of the Institute for 
Gene Therapy at the University of Pennsyl- 
vania, says private funding is important, but he 
worries that expectations may be raised pre- 



maturely. People who invest in gene therapy 
anticipate a big payoff, but they may not real- 
ize how long it will take, Wilson says. The 
actual vectors— how we're going to practice 
our trade— haven't been discovered" vet, he 
notes, "so it may be early for the impatience 
of venture capital-supported biotech " 

This commercial pressure may also ac- 
count for some of the hype surrounding 
developments in gene therapy, says Wilson. 
If you're the leader of a gene-therapy com- 
pany, "you try to put as positive a spin as you 
possiblv can" on every step of the research 
process, he notes, "because you have to cre- 
ate promise out of what you have— that's 
your value." But, Wilson says, "that's not 
what we need right now." What the field 
needs is "a lot of basic research on vectors 
and cell biology." 

Pardoll of Hopkins is equally critical; he 
says that in the rush to get trials approved, 
"biological principles are not well thought 
out— especially immunological principles." 
Varmus says this happens because the main 
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concern of small companies is to survive, and 
"one way to survive is to have a clinical nial— 
show that you're actually on the scoreboard." 
But promoting the company doesn't neces- 
sarily promote gene therapy, Varmus notes: 
"We're not talking about an industry that s 
in an advanced state of competence " 

Another effect of commercial invest- 
ment, some researchers say, has been to 
channel energy into intellectual property 
disputes and turf battles. For example, Dusty 
Miller, a virologist at the Fred Hutchinson 
Cancer Research Center in Seattle, argues 
that the gene-therapy patent issued to N1H 
and GTI in April will have a "chilling effect 
on research. The patent covers all forms of ex 
vivo therapy. Miller— who was among those 
involved in the research that led to this 
patent but was not named as a co-inventor— 
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calk it tt nW^tent from heir because it's so 
broad. He thinks it may discourage newcom- 
ers and stifle collaboration. When Miller 
made this comment at a RAC meeting in 
June, GTI President James Barrett rose to say 
the company considers the patent "valid" 
and will negotiate reasonable terms that are 
"idiosyncratic" for each use. 

Academic scientists may think it's too early 
to be talking about financial returns, but not 
company executives and some industry ana- 
lysts. Take Wall Street biotech analyst Jef- 
frey Swan of the investment bank CS First 
Boston. Swan delivered an enthusiastic as- 
sessment of the field at last year's congres- 
sional hearings and was equally bullish in a 
recent interview with Science. Gene therapy 
for cystic fibrosis, he said, "has been success- 
ful; ADA disease has been successful; brain 
cancer has been successful .... So far, the tech- 
nology kx>ksfabukm M H^ 
pmduct will reach the market by next year. 

At a recent meeting in Washington, 
D.C, organized by the Institute for Interna- 
tional Research, gene- 
therapy business chiefs were 
asked when they thought 
their industry's first prodiiv . 
would hit the market. Few 
were as optimistic as Swan, 
but the forecasts ranged 
from very soon — in 1997, 
according to David Nance, 
president of Introgen Thera- 
peutics of Austin, Texas — 
to reasonably soon — in 
2000, according to Harvey 
Berger, chair of Ariad Phar- 
maceuticals in Cambridge, 
Massachusetts. One atten- 
dee, Mark Edwards, manag- 
ing director of Recombi- 
nant Capital, an indepen- 
dent San Francisco firm 
that analyzes biotech com- 
_ panics, was less ebullient, 
" saying he didn't expect a 
commercial pwduct until 2003. Whether 
one's an optimist or not, concluded Berger, 
"we've got to make sure the biology matches 
the enthusiasm." 

Many academic gene therapists agree 
with Berger, and some have said they hope 
the critical review Varmus has ordered from 
the Motulsky-Orkin panel will cut through 
the hype that surrounds the field and inform 
the public that it could be many years before 
the money invested in clinical trials yields a 
product. "It may be time for some realism, 
says Michael Knowles of the University of 
North Carolina's cystic fibwsis pmgram. 
Adds Joe Glorioso, director of the University 
of Pittsburgh's gene-therapy program: "We 
just can't be wimpy about this; we have to be 
in for the long haul.'* 

-Eliot Marshall 
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ABSTRACT Successful gene therapy requires not only 
the identification of an appropriate therapeutic gene for 
treatment of the disease, but also a delivery system by 
which that gene can be delivered to the desired cell type 
both efficiently and accurately. Reductions in accuracy 
will inevitably also reduce efficiency since fewer particles 
will be available for delivery to the correct cells if many 
are sequestered into nontarget cells. In addition, the ther- 
apy will have net benefit to the patient only if gene deliv- 
ery is sufficiently restricted such that normal cells are left 
unaffected by any detrimental affects of bystander cell 
transduction. Here we review how currently available 
delivery systems, both plasmid and viral, can be manipu- 
lated to improve their targeting to specific cell types. Cur- 
rently, targeting is achieved by engineering of the surface 
components of viruses and liposomes to achieve discrimi- 
nation at the level of target cell recognition and/or by in- 
corporating transcriptional elements into plasmid or 
viral genomes such that the therapeutic gene is expressed 
only in certain target cell types. In addition, we discuss 
emerging vectors and suggest how gene therapy delivery 
systems of the future will be composites of the best fea- 
tures of diverse vectors already in use. Miller, N., Vile, 

R. Targeted vectors for gene therapy. FASEB J. 9, 
190-199 (1995) 

Key Words: targeting • retrovirus * adenovirus • liposome 



The identification of the underlying genetic defects has 
recently made gene therapy an attractive treatment option 
for a wide variety of diseases. However, there is a cor- 
responding requirement to produce vector systems that can 
deliver therapeutic genes to the appropriate target cells 
either in vivo or ex vivo. These systems must be both efficient 
and accurate. The range of different diseases amenable to in- 
tervention by gene therapy means, however, that no single 
delivery system is likely to be universally appropriate. For in- 
stance, the requirements of gene therapy for cystic fibrosis 
are greatly different from those of cancer. In the former case, 
only a certain proportion of a localized population of cells 
needs to be targeted with a single corrective gene; by con- 
trast, cancer gene therapy usually involves the targeting of all 
of a diffusely spread population of cells, with the ultimate 
aim of killing rather than correcting them. Hence, the strin- 
gency with which the therapeutic gene needs to be accurately 
delivered can vary greatly. Expression of a copy of the cystic 
fibrosis transporter gene in nontarget cells is likely to be 
much less toxic than inadvertant expression of cytotoxic 
genes, aimed at cancer cells, but expressed in normal bystander 
cells. 

Here, we review the progress in targeting gene delivery 
systems to specific target cell populations and look forward 
to the areas of research that will bring developments for the 
future. Unfortunately, improvements in the accuracy of a 



vector often compromise its efficiency, and vice versa. 
Nonetheless, it is clear that the technology now exists to in- 
corporate specific targeting features into most of the cur- 
rently available delivery systems. These may be at the level 
of 1) target cell surface recognition, by manipulating the sur- 
face recognition components of viruses and liposomes; or 2) 
target cell transcriptional restrictions, by incorporating tran- 
scriptional elements into plasmid or viral genomes such that 
the therapeutic gene is expressed only in certain target cell types. 

The ultimate aim .for the vectors of the future is to include 
these and other targeting opportunities within the same vehi- 
cle. In all probability, this will involve the incorporation of 
the most beneficial features of a variety of viral and nonviral 
systems into a single hybrid vector specifically custom built 
for each individual therapeutic situation. 

TARGETING OF GENE THERAPY VECTORS AT THE 
LEVEL OF THE CELL SURFACE 

Retroviral vectors 

A primary determinant of retrovirus infectiyity is the inter- 
action between specific receptors on the host cell surface and 
glycoproteins (Env) on the lipid envelope of the retroviral 
particle. Ideally, targeted retroviral vectors for human gene 
therapy would use safe;recombinant genomes and packaging 
lines from wild-type retroviruses that naturally display enve- 
lope proteins with the required tropisms. However, few 
naturally occurring retroviral infections are. strictly limited 
to one cell type (1), and of the known receptors for 
retroviruses, only the HIV-1/SIV receptor CD-4 (2) is of rela- 
tively restricted distribution. Attempts have been made to 
produce vectors and packaging lines from HIV (3). 
However, HIV is a complex retrovirus that requires a num- 
ber of self-encoded autoregulatory proteins, and this compli- 
cates the construction of stable packaging lines. Neverthe- 
less, the principle of a recombinant HIV genome as a gene 
vector for CD4* cells has been demonstrated (3). However, 
vectors carrying HIV-1 env sequences would have to be used 
with extreme caution as the HIV-Env protein itself may be 
neurotoxic (4) or even immunosuppressive. 

Most recombinant retroviral vectors and packaging lines 
produced so far have been based on murine leukemia viruses 
(MLVs) 2 (5). There are five recognized MLV groups (1) as 



'To whom correspondence and reprint requests should be ad- 
dressed, at: 14 Chemin des Aulx, 1228 Plan-les-ouates, Glaxo Insti- 
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Abbreviations: MLVs, murine leukemia viruses; MLV-E, 
ecotropic strain of MLV; MLV-A, amphotropic strain of MLV; 
RES, reticuloendothelial system; PEG, polyethylene glycol; RcSV, 
respiratory syncytial virus; ASOR, asialoorosomucoid; LCRs, lo- 
cus control regions; DT-A, diphtheria toxin A; MVM, mouse 
minute virus. 
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defined by tropism, of which the most useful for gene deliv- 
ery purposes have been the ecotropic strain (MLV-E), which 
infects virtually all rodent cells, and the amphotropic strain 
(MLV-A), which infects practically all mammalian cells. 
Packaging lines have therefore been created to allow produc- 
tion of retroviral vectors with host ranges that are either 
ecotropic or amphotropic, respectively (5). It is likely that all 
retroviral vectors suitable for human gene therapy in the 
near future will be based on such recombinant MLV ge- 
nomes because they are well characterized with regard to 
safety and efficiency. For targeted retroviral vectors, then, the 
problem is either to restrict the promiscuous tropism of am- 
photropic particles or to confer upon ecotropic particles a 
limited human cell affinity. This could be done either by: 1) 
genetic manipulation of the producer line such that ampho- 
or ecotropic Env is replaced by a different viral or nonviral 
protein having the required affinity; 2) directly engineering 
a particular affinity into Env; or 3) molecular conjugate ap- 
proaches, in which ligands are coupled to the outside of the 
retroviral particle. 

Replacement of Env: retroviral pseudotypes 

The facility (5) with which trans- and «V- acting functions can 
be separated in MLV packaging lines allows easy experimen- 
tal manipulation of the /raw-acting function responsible for 
cellular tropism, namely, Env : This raises the possibility of 
replacing one viral env with that of another, thereby creating 
a hybrid producer line that generates "pseudotyped" viral 
vectors with a tropism conferred by the replacement env (Fig. 
1). Phenotypic mixing has been used for many years as a tool 
to study receptor interactions (see ref 1 for a review); 
however, efforts have recently been directed at precisely 
replacing env and producing not envelope mixtures but vec- 
tor populations exclusively displaying a novel tropism (1, 6). 
Such hybrid formation in general seems to occur more 



efficiently between closely related viruses. For instance, a 
recombinant MoMLV genome can be rescued by C-type 
viruses but not by HTLV-I or D-type viruses (7). However, 
provision of homologous or more closely related Gag pro- 
teins in some cases relaxes phenotypic restrictions on 
efficient pseudotyping of vector genomes with exogenous 
Env; for instance, an MoMLV vector can be packaged inside 
HTLV-1 (8) envelopes when MoMLV gag-pol are supplied in 
trans. Similarly, HIV has been given an extended host cell 
range by pseudotyping with the unrelated viruses HSV and 
VSV (9). Although these examples demonstrate the principle 
of creating an improved retroviral vector for human gene 
therapy by pseudotyping, so far they have produced only 
vectors with extended tropism rather than with restricted 
specificities. 

The logical and necessary extension of pseudotyping ap- 
proaches, then is to replace retroviral envelope genes with 
genes derived from nonviral sources. Although there are in- 
stances of nonviral glycoproteins being preferentially incor- 
porated into retroviral particles, such as Thy-1 (10) and CD4 
(11), actual infection of target cells, as opposed to specific 
binding, via display of such nonviral proteins has not been 
demonstrated, and is likely to require either fusogenic se- 
quences within the foreign protein itself or coexpre*ssion of 
fusogenic molecules on the viral envelope. 

Engineering Env 

Genetic manipulations whereby sequences conferring 
specific binding affinities are engineered into preexisting 
viral env genes represent a promising approach. In MoMLV 
the sequences that determine receptor specificity seem to be 
in the most distal of the two variable regions within the 
amino-terminal portion of the SU Env subunit, -and replace- 
ment of the variable region of one strain with that of another 
can, for instance, change viral tropism from that of strain 



Replacement Env Packaging Cell Paaudotyped virion d Isptaylng 

Env substitutes 




Figure 1. Generation of retroviral vectors with novel tropisms by construction of hybrid packaging lines. Transfection of a cell with genes 
(gag-pol, env) that encode viral trans- acting functions allows expression of all the structural components of the virion by that cell; these com- 
ponents can recognize and package the recombinant retroviral genome (shown here bounded by long terminal repeats (LTRs) and carry- 
ing a therapeutic gene x). Here we represent diagrammatically the various classes of retroviral pseudotypes that have been produced by 
providing various env genes in trans; this illustrates the principle of alteration of retroviral vector tropism by pseudotyping. 
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. 4 4070A to that oflOAl (12). Engineering of murine retroviral 
cnv proteins is being actively investigated (12-14) and is an 
important area of research. However, receptor recognition 
may involve complex interactions between the cellular ligand 
and different parts of the viral Env, and modification of viral 
tropism by direct replacement of receptor-binding sequences 
w, I not be straightforward. The function of Env'prKJS 
not s.mply to adhere to host cells but also to participate in 
a sequence of events leading to membrane fusion. Excessive 
alteration of Env structure might therefore jeopardize the ex- 
posure of hydrophobe domains required for fusion and cor- 
t™:. k m,ernalizati r on - Nevertheless, a mammalian cell 
tropism has been conferred on an avian retrovirus by en- 
gineering integr.n-binding sequences into Env. It was found 
that two of the variable regions of ALV Env could be 
manipulated by exchanging env sequences with those encod- 
ing a 16-amino acid RGD-containing peptide to produce 
bnv proteins that were processed and incorporated into 
retroviral particles (15). Such hybrid envelopes could still 
emciently mediate infection of avian cells through the ALV 
receptor, and could also infect and transfer neomycin 

o e re , t a H nCe R rn mamma,ian ( ALV - ref >actory) cells that ex- 
pressed RGD-recognizing integrins. Infection was not 

exnn^Rr n reqU,red P [ evi ° US ^cosylation of the virus to 
expose RGD epitopes, but it is an important demonstration 

m odinc P at;on P °' ^ by Cnvelo P e 

to !l? * er . studie ». t L RSV h0St ran S e has bee " broadened 
to include human cells by packaging the genome with a chi- 

SeTnfl^ V aS u fUSi ° n ° f thG RSV si S" al P e P^e and 

the influenza virus hemagglutinin (16). Chimeric Env was 

S t0 D e c r°o rp0ra T ted int0 fhe virions as efficiently as 
wild-type RSV Env. It may be possible to use influenza 
hemagglutinins to direct retroviral vectors to subsets of cells 
exhibiting particular glycosylation phenotypes as the various 

dfc"? Stra ' nS P ° S c SeSS different hema ggl"tinins with 
different precise spec.fict.es. Another candidate protein for 
restriction of tropism is the B19 parvovirus surface protein 

^m aCe "f'P 10 ' f ° r Whkh has recentl y been character- 
ized (17) as the tetrasaccharide of globbside (blood ? roup P 
antigen), which has a very limited tissue distribution. The 
Biy surface protein may be susceptible to fine-tuning of sac- 
charide specificity by recombinant techniques or site-directed 
mutagenesis j, similar to the influenza hemagglutinin (18) 

The possibility of targeting retroviral vectors to particular 
glycosylation phenotypes may be of special interest for 
cancer therapy as many transformed cells show altered 
Kn at,0n H Wheth r r n0t any aberrant 'y ex P r ^d gly- 
repor indicates that retroviruses targeted to cells via lectin 
cross-linking cannot infect the cells after binding (19), but 
his could be a function of the lectin or of structural Aera- 
tions caused by cross-linking rather than a function of the 
glycan receptor. 

avilnln e h m ° nStrab ,! e ability ^ to alter RSV fopism from 
could he of ma " S by mani P ulatio " of envelope structure 
could be of great interest for cancer therapy. This is because 
he vast number of target cells in malignant disease suggests 
ha either the immune system must be recruited or that a 
repeating vector be used to target all the tumor cells, and 

fenome P ""I" 6 " 01 * par excellen ". Besides its own 
genome, this virus is known to carry a cell-derived oncogene- 
rep acement of this with a therapeutic cDNA would give a 
replication-competent gene therapy vector 

Encouraging results have been reported using a similar 
approach, ,n which a cDNA encoding an mAb fragment 



ZlMW^cl reC0gn . iti0n ri [uSed l ° the ™ &™ of 
MoMLV (18). Coexpression of this gene with the normal 

2^ a \ eC0,ro P ic P acka Si"S 'ine resulted in infeoTve 

a ivitvT h U u 6 a PP ro P ria '« hapten-binding 

activity. It should be noted that the packaging line was ex 
pressing and required parental ecotropic Env as well a the 
chimeric protein, so it remains to be seen if infective 
retroviral particles can be assembled that contain only 
hapten-displaymg Env (20). This approach has yet to be 
demonstrated using a hapten directed against a relevant hu- 

h stint?? C3Pab,e ° f mCdiating Virus in^malization, and 
is still lar from in vivo application. 

Targeting by retrovirus- ligand conjugates 

SLi^" P ° SSess a uni q ue ^tor that internalizes 
SS^r^Hf- C °T gation of lact0 ^ «o ecotropic viral 
particles allowed them to be recognized as asialoglycojroteins 

celfs r20 their u h0St rangC ,0 indude humln hepatoma 

cells (21). However, this approach is limited first to cells that 
express the as.aloglycoprotein receptor, and second to 
proliferating cells (because retroviruses depend on host cell 

ver^L"? t0 inte f a,e >- As nor ™l 'iver cells have a 

very low turnover rate, this technique is most likely to be of 
use for ,n vivo delivery to malignant liver disease of the 
hepatocyte lineage. Furthermore, because the vector was 
based on an ecotropic virus, its tropism in humans would be 
limited entirely to hepatocytes, greatly increasing its safety 

cross-hnked to the transferrin receptor by a series . of antibod* 
es however there was no subsequent proviral integration 

E nS ^ ,hC " 0SS -^S antibodies were i^ 
g membrane fusion :or that the transferrin receptor 
cannot mediate appropriate viral internalization (22) A 
similar cross-linked mAb technique has been used to tareet 
ecotropic retroviral particles to human cells in vitro by 
means of the streptavidin-biotin reaction (23). This allowed 
ecotropic virus to .bind to cells expressing human class I or 
J^Ta 3 gCnS - and t0 become internalized and in- 
otfnZL £cF €mi ° n f tHis f echniaue (W) showed that bi- 
ot.nylated EGF or insulin could substitute for the anticellu- 

iLT^ anUb0dy ' and that EGF and insuIi " receptors 
could mediate internalization, leading to integration of 

LTThToSi • S b r ng Streptavidin con J' ugated a ^ b ° d 

n,hJ?h P osslblht y of targeting retroviral vectors by means 
d' Hv ? mu . rlneam ' bo dies, which suffer from numerous 

00^ afh 1"°' ^ ,his a PP roach ma V hav * 

d P elttafed° Ugh m ^ aPP,kabi ' ity ^ yet to be 

Adenoviral vectors 



Adenoviruses are double-stranded DNA viruses in which the 
viral genomic DNA is contained in a virally encoded protein 
coat (capsid) rather than a phospholipid bilayer of host cell 
or,g,n. The caps.d consists of three major types of subunif 
the hexon, which makes up the bulk of the coat; the penton 
base; an d the penton fiber. The fiber is attached to the capsid 
via the penton base and projects outward; base and fiber 
ogether are known as the penton complex. During infection 
the fiber mediates initial binding of the virus to an 
unidentified cellular receptor and the penton base subse- 
quently mediates virus internalization via interactions with 
ovtype integnns (24). Thus, the penton complex is respon 
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sitle for binding and internalization, and therefore for viral 
tropism at the level of cell recognition. Although adenoviral 
diseases are usually associated in vivo with respiratory 
epithelium or the GI tract, their cellular receptors seem to be 
widely distributed (25). Clearly then, as with retroviruses, 
the problem is to limit viral tropism to a particular subset of 
tissues. The adenoviral proteins responsible for attachment 
and internalization, respectively, have been well character- 
ized, giving two points at which to manipulate tropism. The 
most promising approach is to restrict adenovirus infection 
at the cell-binding stage by replacing the carboxyl-terminus 
knob of the fiber with a ligand conferring a particular 
tropism, for instance, with an antibody hapten. One report 
(26) describes the restriction of adenovirus type 5 tropism by 
a different kind of fiber modification where intact virions 
were chemically modified so that their fiber carbohydrate 
groups were covalently linked to an asialoglycoprotein- 
polylysine conjugate. Such modified virus was found to have 
much decreased infectivity to asialogiycoprotein receptor- 
negative cells while retaining infectivity to receptor-positive 
cells. This approach would be equally applicable to targeting 
adenoviral vectors per se. It may also be possible to restrict 
infection by replacing the RGD-containing domain of the 
penton base with sequences having affinity for a ligand other 
than" RGD-recognizing integrins. 

Adenoviral vectors can also be targeted via the route of ad- 
ministration (27); targeting of a /a^Z-expressing adenoviral 
vector to the kidney by renal artery or pyelic cavity infusion 
resulted in jft-gal activity in various renal cells with no detec- 
table expression in liver, lung, or bladder cells (27). 

A possible advantage of refinement of vector targeting to 
the point of absolute specificity might be the ability to use 
replicating vectors for gene therapy. For cancer, development 
of a replicating adenoviral vector, perhaps carrying a 
cytokine or suicide gene, targeted to cancer cells at the level 
of cell binding (via fiber/base manipulations) and at the level 
of transcription (see next section) might allow transduction 
of the large number of malignant cells in a tumor deposit; 
cell death due to adenovirally induced lysis may even poten- 
tiate the field effect of cytokines. A safety feature of such a 
system would be that the immune system would be expected 
to eventually clear such therapeutic infections (as it does for 
wild-type infections); therefore this potential therapy only 
awaits adequate targeting strategies. 

Liposome vectors 

Most work on targeted liposomes has been designed to 
deliver cytotoxic drugs to cancer cells and has been reviewed 
recently (28). Expression of a cDNA in the target cells makes 
greater demands on the vector system in that it must not 
only target the appropriate cell type but also allow efficient 
delivery of undegraded DNA to the nucleus. For most tar- 
geted gene delivery purposes, conventional liposomes are 
limited because of their selective uptake by cells of the 
reticuloendothelial system (RES), in particular by macro- 
phages resident in liver, spleen, and bone marrow, because 
of their limited extent of extravasation. Where macrophages 
themselves are the target, however, RES affinity is advanta- 
geous. In L. donovani leishmaniasis parasites not only multi- 
ply in the Kupffer cells of the liver, but are also resident in 
a vacuole to which lysosomes fuse, so that liposomes are pas- 
sively targeted not only to the parasitized cell but also to the 
appropriate organelle, making liposome-mediated delivery 
of transcriptionally targeted antisense or suicide genes to 
these parasites a real possibility. It is also possible in a few 
cases to avoid much of the RES by the particular route of ap- 
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plication, particularly where the target tissue is found in a 
discrete anatomical compartment; e.g., nontargeted lipo- 
somes could be applied directly to the bladder for treatment 
of carcinoma or to the lung for treatment of cystic fibrosis or 
a AT deficiency. Targeting by compartment has allowed 
confined transduction of discrete sections of arterial wall us- 
ing both liposomal and retroviral vectors (29). 

In most cases, however, in vivo use of liposomes requires 
first avoiding the RES, and second, display of appropriate 
tropic and fusogenic molecules (Fig. 2). Uptake by the RES 
can be considerably delayed, but not altogether avoided, by 
the use of "stealth" liposomes that display negatively charged 
moieties such as the ganglioside GM1 and polyethylene 
glycol (PEG) (28). For most systemic purposes, the stealth 
formula is probably essential. 

Liposomes bearing an immunoglobulin complement ("im- 
munoliposomes") can exhibit tropisms conferred by the dis- 
played antibody. Hence, coupling to liposomes of an anti- 
body against glioma cells increased the efficiency of gene 
delivery to these cells in culture by about sevenfold (30). Just 
as mAbs may be conjugated to liposomes to confer targeting 
capability, so may other ligands such as growth factors and 
hormones. Coupling of transferrin to liposomes, followed by 
i.v. injection in a rabbit model resulted in significantly 
greater localization to bone marrow erythroblasts (31), and 
incorporation of surfactant protein A into liposomes in- 
creased the uptake of the liposome cargo by alveolar type II 
cells (32). However, it is not sufficient merely to confer upon 
the vector a particular binding ability; the particle must bind 
to a ligand that also allows fusion of liposome 'and cell mem- 
branes. Such considerations of appropriate internalization of 
vector cargo are especially Important for gene delivery vec- 
tors, where the DNA must not only reach the appropriate 
cell type but also must reach the nucleus in undegraded form. 

Conjugating virions to liposomes or incorporating viral 
surface glycoproteins into liposomes might create a vector 
that has the efficient ceJJ attachment and entry mechanisms 
of a virus but not the safety drawbacks; much work has been 
done in this area with Sendai virus in particular (33). 
Another system used liposomes that displayed only the fuso- 
genic protein of Sendai virus (F-protein) and not the celi- 
binding protein (hemagglutinin) (34). However, although 
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Figure 2. Modification of lipid membranes to produce targeted 
liposomes. Targeting of liposomes requires first abrogation of their 
RES affinity, and second, provision with exposed ligands having the. 
required targeting capacity. Inclusion of ganglioside glycolipids into 
the lipid formulation can allow RES evasion; other lipid formula- 
tions include cationic lipids to allow promiscuous membrane bind- 
ing and hence lysosome escape, and pH-sensitive lipids, which al- 
low lysosome escape without the broad affinity conferred by cationic 
lipids. Various types of ligand can be inserted into the lipid mem- 
brane for provision of particular tropisms (see text for details). 
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% such approaches can make liposomes up to 10-fold more 
efficient than lipofcction at gene delivery (33), in terms of 
targeting all it can do is confer upon the liposome the 
tropism of the virus, and there are very few native viral 
receptors that exhibit a narrow and precise cell type 
specificity. Nevertheless, a promising system (35) is currently 
being developed in which respiratory epithelium is targeted 
by means of the surface proteins of respiratory syncytial vi- 
rus (ReSV), which is responsible for infections of the lower 
respiratory tract. Liposome-type envelopes were constructed 
that displayed both the attachment and fusion proteins of 
ReSV, and these have been shown to enter all cells of a cul- 
tured respiratory epithelial cell line within 1 h (35). 

Catiomc liposomes such as the commercially produced 
hpofectin can efficiently avoid the lysosomal pathway be- 
cause the particular lipid composition allows direct fusion of 
liposome and cell membranes. These particles are therefore 
much more efficient than conventional liposomes, and for in 
vitro transduction have largely replaced them. Cationic lipo- 
somes have also been used for in vivo approaches and even 
clinical trials; however, there seem to be no data on the ex- 
tent to which these liposomes can avoid the RES, and indeed 
the cationic surface would seem to be incompatible with the 
negative charges characteristic of the stealth formulation. 
One report suggests that the cationic liposome has as much 
affinity for other cell types as for the RES after i.v. injection 
(36). Administration of liposomes carrying SV40-CAT 
resulted in widespread expression of the marker gene for up 
to 9 wk, albeit mainly in tissues generally associated with the 
RES such as spleen, liver, lymph nodes, and bone marrow 
as well as in vascular endothelium. CAT expression was also 
observed in tumor cells in this experiment, probably as a 



consequence of leaky tumor vasculature, it may eventually 
be possible to combine the efficient lysosomal avoidance of 
cationic liposomes with a specific targeting capacity 
although the problem is likely to be that the generally Iso- 
genic nature of cationic liposomes may preclude any pre- 
cisely restricted targeting. 

Molecular conjugate vectors 

Targeting of plasmid DNA may be achieved by coupling the 
DNA to a ligand with a demonstrated cell or tissue affinity. 
This is usually brought about by covalently linking a polyca- 
tion such as polylysine to the ligand; the polycation can then 
bind to and condense plasmid DNA via electrostatic interac- 
tions, leaving the ligand exposed on the surface of the con- 
jugate (37). The ligands chosen must be efficiently endocy- 
tosed in the target cells so that DNA is efficiently internalized. 
One of the first receptors to be used in this way was the 
asialoglycoprotein receptor, whose expression is limited to 
hepatocytes; this receptor binds glycoproteins with terminal 
galactose residues for removal from the circulation- 
asialoorosomucoid (ASOR) is a major natural ligand for this 
receptor. BSA has been given specificity for the ASOR 
receptor by artificial galactosylation, and has been used to 
target CAT and human factor IX cDNAs (38) to hepatoma 
cells in vitro and to liver but not other tissues in vivo. Other 
ligands that have been used in similar conjugates include in- 
sulin (39), EOF (40), lectins (41), and transferrin (37). A 
major drawback of classical molecular conjugate vectors is 
that internalization depends on receptor-mediated endocyto- 
sis a process that directs the receptor complex to lysosomes 
where it is degraded; only a small fraction of introduced 
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x DNA escapes this pathway and enters the nucleus, leading to 
low efficiency of transduction. 

A new generation of molecular conjugate vectors has been 
produced that has the capacity to escape the degradative 
lysosomal pathway by utilizing features of the adenovirus 
capsid (Fig. 3). Adenovirus disrupts endosomes during cell 
entry as a consequence of a conformational change in the 
capsid proteins, resulting in membrane breakdown, trig- 
gered by a drop in pH. Hence, molecular conjugate vectors 
delivered DNA to cells with greatly increased efficiency 
when transfection was done in the presence of adenovirus. 
However, this effect relies on both virus and vector being 
present in the same endosome. To improve efficiency, the 
adenovirus has been coupled directly to the molecular con- 
jugate (37). However, adenovirus receptors are virtually 
ubiquitous and so the coupling of an adenovirus receptor to 
a targeted molecular conjugate would be expected to par- 
tially or completely abrogate any preferential tropism con- 
ferred by the ligand. Blocking the interaction of fiber with 
adenovirus receptor by mAb to the fiber resulted (42) in a 
vector that was both targeted to a specific subset of cells and 
able to escape the lysosomal pathway. A more satisfactory ap- 
proach would be to create recombinant adenoviral vectors 
that display dysfunctional fiber proteins in order to bypass 
the antibody-coating step. 

Few in vivo experiments have been attempted using 
adenovirus-molecular conjugate complexes, and in fact it is 
unlikely that such vectors will be routinely applicable to in 
vivo work, although they are likely to be of use for ex vivo 
strategies (43). This is a consequence first of the size of the 
complex (transferrin-polycation conjugates are approxi- 
mately 100 nm in diameter (44); complexed with AdV they 
would be even larger), which will prohibit extensive extrava- 
sation or tissue penetration, and second, of the likelihood of 
direct immunogenicity of the AdV proteins (45). 

TARGETING OF GENE THERAPY VECTORS AT THE 
GENETIC LEVEL 

Transcriptional targeting 

Therapeutic cDNAs may be limited in expression to a partic- 
ular subset of cells by placing them under the control of 
regulatory elements that possess binding sites for tissue- 
restricted positive or negative trans- acting factors (Fig. 4). 
Correctly regulated expression may require, in addition to 5' 
promoter sequences, distant elements either 5' or 3' to the 
coding region; these elements act together with the promoter 
and allow tissue-specific expression at appropriate levels in- 
dependent of position of integration. Such locus control 
regions (LCRs) have been identified for a number of genes. 
LCRs would be of much use for gene augmentation but the 
transfer of such large sections of DNA to target cells will be 
problematic, particularly in vivo, and in fact for the foreseea- 
ble future may be confined to ex vivo strategies. Where a 
monogenic defect results in pathology in more than one tis- 
sue, the most pragmatic approach to appropriately limit the 
expression of therapeutic cDNA is to use the cellular 
promoter/enhancer elements native to the defective gene. 
Furthermore, the use of cellular rather than viral promoters 
reduces the chance of loss of cDNA expression due to inacti- 
vation of viral sequences by methylation or other mechan- 
isms (46). Thus, cellular promoters may confer benefits both 
of long-term expression and of tissue-restricted expression, 
and where vector-targeting at the cell-binding level has not 
been achieved it may represent the only way of limiting ex- 
pression of exogenous cDNA. 




Figure 4. Tissue-restricted transcription. A promiscuously binding 
vector can be targeted at the transcriptional level if the therapeutic 
gene (x) is controlled by 5* regulatory, elements (shown here as a 
shaded region upstream of x) active only in the presence of tissue- 
specific nuclear transcription factors; thus expression of x occurs 
only in the target cells. 



Tissue-specific cellular regulatory elements have great 
potential for development of safe, targeted vectors for gene 
therapy. For example, the creatine kinase promoter has been 
used in a plasmid vector to restrict dystrophin cDNA expres- 
sion to skeletal and cardiac muscle, and in the mdx mouse 
model of Duchenne muscular dystrophy, mice transgenic for 
this promoter-cDNA construct were found to exhibit correc- 
tion of dystrophic symptoms (47). A potential approach to 
the treatment of B t cell lymphoma involves expression of sui- 
cide genes transcriptionally regulated by promoter/enhancers 
from the Ig heavy chain^or the x light chain genes; expres- 
sion plasmids containing the diphtheria toxin A (DT-A) gene 
controlled by these regulatory elements mediated significant 
expression of DT-A in B lymphoid cells but not in HeLa cells 
or fibroblasts (48). 

Endothelial cells are attractive recipients for gene transfer 
therapies not only for obvious purposes such as targeting of 
tumor vasculature or therapy of cardiovascular disease, but 
also for the systemic secretion of therapeutic factors. An en- 
dothelial cell-specific regulatory region has recently been 
characterized (49) as 500 bp of 5' sequences, associated with 
the gene for von Willebrand's factor, acting in conjunction 
with an essential region in the first intron. This promoter 
could be particularly useful when driving a suicide gene in 
a retroviral vector as it would then be targeted to dividing 
endothelial cells, i.e., almost exclusively tumor vasculature. 

Tissue-specific cellular promoters frequently retain their 
specificity in the context of a retroviral vector (50); however, 
this is not always the case, and the design of the retroviral 
vector may have significant effects on tissue specificity due to 
promoter interference (51). Tissue-specific promoters have 
also been shown to appropriately restrict cDNA expression 
in the context of recombinant adenoviruses, e.g., the rat al- 
bumin promoter maintained its hepatoma cell specificity in 
vitro (52), albeit at low levels. 

Antiviral therapy using transcriptional 
targeting 

Transcriptional targeting may be of particular use in the 
therapy of particular kinds of viral infection. In cases where 
the viral life cycle depends on self-encoded autoregulatory 
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v prbteins, vectors can be made in which therapeutic cDNAs 
are transcriptionally regulated by these same viral proteins. 
Transcription of the therapeutic cDNA is therefore limited to 
cells that are infected by the virus, and thus such an ap- 
proach could be either prophylactic or curative. This 
strategy has been applied to experimental HIV therapies 
One recent report (53) described the construction of a 

H^^ro^^ 5 COntainin S HSVT * driven by the 
u. K1AK; cel,s expressing this construct became sus- 
ceptive to ganciclovir after infection by HIV- 2 in vitro. 

Targeting proliferating cells 

Murine C-type retroviral vectors can combine the ability to 
express cDNA from an internal tissue-specific promoter with 
an innate tropism for proliferating tissue. Therefore -they 
have great potential as vectors for the gene therapy of cancer 
because restricted cDNA expression is of particular impor- 
tance m strategies that involve delivery of cytokine or suicide 
genes and malignancies are often distinguished by rapid di- 
vision in a relatively quiescent background. Indeed, in a very 
few cases the retroviral requirement for cell division may be 
sufficient in itself to target the therapy (Fig. 5)* where 
tumors arise in the CNS their high rate of proliferation in the 
context of a completely postmitotic tissue, in an anatomical 
compartment that is separated from the rest of the body, al- 
lows efficient targeting with retroviral vectors (54). As an ad- 
ditional targeting feature for malignancies of the CNS, the 
ghal-specific promoter region of the mouse myelin basic'pro- 
tein gene has been used to drive HSV-TK in a retroviral vec- 
tor (55); this approach could allow long-term administration 
of producer cells at the primary site or systemic vector appli- 




uT Ta r r S etin S Proliferating cells. Retroviral vectors require 
cell division for integration and gene expression; therefore where a 
tumor arises in a completely postmitotic background, such as the 
CNS, the proliferation of the malignant tissue may be sufficient in 
itself to allow efficiently targeted delivery of suicide genes via 
recombinant retroviruses. Actively replicating (tumor) cells are 
represented by diagonal lines; quiescent neuron tissue is represented 



cation to treat metastatic deposits as collateral infection of 
nonglial cells would not result in expression of the suicide gene 
. Retroviral vectors would also be useful in targeting liver 
malignancies, as the liver is also slowly proliferative under 
normal circumstances. Tissue-specific promoters would be 
essential for such strategies, because unlike the CNS, the 
liver is not efficiently insulated from the rest of the body. Am- 
Lcw££ C r *r°viral vectors have been constructed carrying 
H&V-TK cDNA driven either by the albumin or the a- 
fetoprotein promoters (56). The albumin promoter was ac- 
tive only in cells of the liver lineage; the a-fetoprotein 
promoter conferred an extra level of targeting in that it was 
hepatoma-specific as opposed to hepatocyte-specific (a- 
fetoprotein is normally expressed only in fetal tissues). 

The 5' region of the tyrosinase gene has also been used to 
restrict expression of therapeutic cDNAs to melanocytes and 
melanoma cells both in vitro and in vivo by means of 
retroviral vectors (51, 57). This kind of transcriptional target- 
ing may be useful in VDEPT approaches for melanoma be- 
cause normal melanocytes are dispersed and of low density 
in body tissues, and their ablation is likely to be minimally 
pathological. Even better would be the usurpation of tumor- 
specific transcriptional regulation by using promoter se- 
quences from genes whose overexpression is limited to trans- 
formed tissue. One such candidate is the oncogene ERBB2 
which is overexpressed in a variety of tumors. The ERBB2 
promoter sequences have been used to drive cytosine 
deaminase cDNA in a retroviral vector (58); this strategy 
conferred sensitivity to ERBB2-overproducing cells but not 
to control cells, and represents a potentially widely applica- 
ble method of tumor-preferential transcriptional targeting. 
Ine a-letoprotein promoter is in effect completely tumor- 
specific, but is applicable only to malignancies of the liver. 

Exploitation of natural viral tropisms 

An obvious approach to the precise targeting of tissues is to 
make vectors from viruses that have preferential patterns of 
transcription in target tissues, such as HSV vectors for ner- 
vous tissue. However, careful dissection of the genomes of 
these v,ruses will be necessary to separate pathogenic se- 
quences from those that confer transcriptional specificity* in 
most cases it will be preferable to use cellular promoters in 
the vector of choice, especially as the range of transcription- 
ally targeted viral genomes is not great. 

There may be one remarkable exception to the general re- 
quirement for cellular promoters rather than viral promoters 
in gene therapy, namely, the use of autonomous parvoviral 
sequences for targeting transformed cells (see ref 59 for 
, r 'H - These viruses preferentially kill transformed cells 
(oU), and coinjection of mouse minute virus (MVM) and 
Ehrhch ascites tumor cells into the peritoneal cavities of mice 
inhibited tumor formation by up to 90%. Furthermore, mice 
that had survived one such coinjection were resistant to a se- 
cond tumor challenge 5-6 wk later. The precise basis of par- 
vovirus oncotropism is not understood but may be related to 
an effect of the transformed cell environment on the produc- 
tion or activity of parvovirus autoregulatory proteins. The 
parvovirus promoter that is preferentially transactivated in 
certain transformed cells is clearly a candidate to control 
transcription of suicide or cytokine genes in parvovirus vec- 
tors for cancer therapies. Recombinant parvovirus vectors 
have been made and shown to both transfer exogenous 
cDNA expression to recipient cells and retain their on- 
cotropism in vitro (61) for human and murine cells. Recom- 
binant parvoviruses may therefore represent one of the most 
promising approaches to cancer therapies for the future. 
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Ta ^eted integration: site-specific recombination 

iV.nintegrating vectors are adequate for transient expression 
of cDNA. Where the object is a "one-shot" treatment for cure 
of a genetic disorder, it is necessary to use either an integrat- 
ing vector or a stably replicating extrachromosomal element. 
For the future, sequences containing mammalian origins of 
replication or even entire mammalian artificial chromosomes 
(62) could have great potential especially for ex vivo ap- 
proaches. Similarly, vectors based on the Epstein-Barr virus, 
v.jiich is stably maintained episomally as a plasmid in hu- 
man cells, may one day be suitable for clinical use. 

The ideal approach would be to target the exogenous 
DNA to the mutant gene, i.e., gene replacement rather than 
gene augmentation. Such gene targeting approaches may be 
of use for ex vivo strategies to stably transduce cells with less 
likelihood of simultaneous transformation (63). Such in vitro 
homologous recombination may be useful in inactivating 
genes responsible for MHC class I expression in myoblasts 
to create a universal carrier cell that can be transplanted 
regardless of the recipient HLA type (63). This approach is 
applicable to any ex vivo strategy that requires implantation 
of viable transduced but otherwise unchanged cells. The 
technology required to accomplish this at levels of efficiency 
relevant to in vivo gene transfer does not yet exist and so in- 
tegrating gene therapy vectors at present can offer only gene 
augmentation. 

Nontargeted integration could be hazardous if completely 
random, not only by turning on downstream oncogenes via 
promoter readthrough but also by direct disruption of genes, 
and this is the main source of concern with regard to the use 
of retroviral vectors in humans. Vectors with the capacity for 
site-specific integration would overcome these problems. 
Adeno-associated virus is a defective parvovirus that poten- 
tially is widely applicable in gene transfer strategies because 
it is tropic for many cell types, nonpathogenic in humans (in 
the absence of helper virus the AAV genome does not repli- . 
cate but integrates into the genome and assumes a state of 
latency), and can be manipulated to derive recombinant ge- 
nomes capable of vectoring exogenous DNA (64). Although 
these vectors can package only up to 4.5 kb as compared with 
the retrovirus limit of approximately 7 kb, they are said to 
have one major advantage over other integrating vectors, 
namely, a propensity (which is far from total) for apparently 
harmless integration into a region of human chromosome 19 
known as AAVSl (see review, ref 65). Where such specific in- 
tegration occurs, it is almost certainly mediated by virally 
encoded proteins with affinity both for the target site and for 
the virus genome (66). Although integrated viral sequences 
remain dormant until superinfection by AdV/HSV, ex- 
ogenous cDNAs driven by internal promoters can still be ac- 
tive (furthermore, the transcriptional inactivity of the viral 
ITR means that there will be no promoter interference lead- 
ing to, for example, loss of tissue specificity of exogenous 
promoter, and less chance of insertional mutagenesis for the 
same reason). Thus AAV vectors have been shown to confer 
neomycin resistance and in some cases to integrate with site 
specificity (64). This study also showed that AAV vectors 
preserved their site specificity after transfection in plasmid 
form; the use of a transfectable plasmid rather than a viral 
vector might overcome the packaging limitations of AAV 
vectors (64). It must be said, however, that some groups 
report that recombinant AAV vectors show site specificity in 
only a relatively minor proportion of the total number of in- 
tegration events. There have been several attempts to explore 
the therapeutic potential of AAV vectors, e.g., the delivery of 
cDNA for the correction of the cystic fibrosis defects (67). 



There may be other vector systems also capable of site- 
specific integration. Eukaryotic genomes harbor large num- 
* bers of endogenous transposable elements of various types 
(68), i.e., autonomously replicating units that can insert 
themselves into the host genome. Some of these elements, 
known as LTR retrotransposons, are very similar to 
retroviruses both in replication cycle and in organization, be- 
ing bound by LTRs and possessing coding regions with ho- 
mology to retroviral gag-pol genes. The replicative cycle of 
LTR retrotransposons exactly parallels that of the 
retroviruses except that there is no envelope stage, thus, 
cytoplasmic virus-like particles (69) are formed containing 
reverse transcriptase, the RNA form of the retrotransposon, 
and cellular tRNA primers for reverse transcription. Such 
elements include copia, yeast Ty, and the intracisternal A par- 
ticle of mice; clearly they have great potential as vectors of 
improved safety as their use with retroviral packaging lines 
would be less likely to result in helper virus production 
through homologous recombination. Indeed a mouse 
retrotransposon VL30 has already been made into a gene 
transfer vector (70), which can be produced in a standard 
retroviral packaging line. Endogenous retrotransposons a 
priori would be expected, through coevolution with the host 
genome, to display a degree of site specificity df'integration 
as continuous random retrotransposition would be deleteri- 
ous to the cell. Yeast retrotransposons offer the best examples 
of site-specific retrotransposons, and moreover, their site of 
integration appears to be benign. Two of the five Sacchawmyces 
cerevisiae retrotransposons, Tyl and Ty3, exhibit unambigu- 
ous site specificity of integration (71). Ty3 elements integrate 
into sites upstream of genes transcribed by RNA pol III, fre- 
quently within 1-4 nucleotides of the start site of transcrip- 
tion. It has been suggested that this sequence-independent 
site specificity is brought about by interaction of the 
retrotransposon with elements involved in RNA pol Ill- 
mediated transcription, e.g., TFIIIB (71). Similarly, Tyl 
preferentially integrates upstream of tRNA genes (71) 57% 
of insertions occurring within 400 bp of a tRNA gene. A con- 
sequence of this specificity is that yeast genes are only rarely 
interrupted by Tyl insertions as regions upstream of yeast 
tRNA genes rarely contain open reading frames (71). The 
great similarity of LTR retrotransposons to retroviruses al- 
lows them to be made into vectors with conventional retrovi- 
rus packaging lines (70); possibly the development of a pack- 
aging line that provides retrotransposon rather than 
retroviral gag-pol in trans will allow the production of vectors 
with integrational site specificity. 

SUMMARY AND PERSPECTIVES 

Of the gene therapy protocols that have so far entered clini- 
cal trials, targeting of the appropriate vectors has been 
achieved largely only by indirect means. Thus, several such 
trials (for example, for treatment of ADA deficiency, HIV in- 
fection, or cancer) have used specific cell populations that 
have been removed from the patient and infected in vitro by 
nontargeted amphotropic retroviruses before being returned 
in vivo. Further levels of targeting have been achieved in 
some cases by careful choice of the patient's cells; for in- 
stance, ex vivo transduction of tumor infiltrating lympho- 
cytes with potentially tumoricidal genes has been proposed 
as a means of delivering their products to tumor deposits at 
much higher concentrations than would otherwise be possible. 

In contrast to ex vivo manipulation of target cells where 
the vector requires very little, if any, intrinsic targeting capa- 
bility, there are an increasing number of protocols in which 
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Figure 6. A theoretical composite vector. Some features that might 
be incorporated in an ideal synthetic vector include a stable, nonim- 
munogenic envelope, probably lipid (a); exposed ligands to confer 
a particular affinity on the vector (b); moieties that encourage fusion 
between vector and target cell membranes (c); proteins to allow 
directed integration of vector DNA, e.g., site-specific recombinases 
(d)\ sequences to enable homologous recombination between vector 
DNA and particular loci of the target genome (e); tissue-specific 
promoter regions to allow restricted expression of the therapeutic 
gene (/); and the therapeutic cDNA (g). 



recombinant genes are delivered directly to patients in vivo 
(such as for the treatment of cystic fibrosis and cancer). Once 
again, targeting at the level of the vector has not yet been 
particularly well developed; hence, liposome or viral- 
mediated delivery of the CFTR gene to airway epithelial 
cells of CF patients has relied largely on the localized deliv- 
ery of the vectors directly to the affected tissues, and on the 
fact that there is good evidence that inadvertant expression 
of the CFTR gene in cells other than the target epithelial 
cells may have few adverse effects. Localized delivery has 
also been used in the treatment of brain tumor deposits, us- 
ing stereotactic injection of retroviral producer cells, but 
with the added sophistication that the retroviruses would be 
expected to infect only the actively dividing tumor cells and 
not the surrounding neural tissue. 

However, for the long-term success as well as the 
widespread applicability of human gene therapy, there will 
have to be advances in the ability with which clinicians can 
confidently administer recombinant vectors for the treat- 
ment of genetic disease directly to affected tissues in vivo. For 
this to occur, many targeting strategies outlined in this 
review, which are currently only at the experimental level, 
will have to be translated into components of safe and highly 
efficient delivery systems. Vectors have already been deve- 
loped that incorporate transcriptional specificity for a certain 
tissue type; however, the development of surface targeting 
has been more problematic in most cases. The biggest 
challenge for the next 5 years will be to combine targeting 
with efficiency in the production of the vector systems of the 
future. So far, attainment of one usually compromises the 
other; for example, we have constructed retroviral vectors 
targeted at the level of transcription to melanoma cells but 
these viruses are generally of lower titer than their nontar- 
geted counterparts. 



Nonetheless, the imagination and the technology is cur- 
rently available to allow us to hope that vectors will eventu- 
ally be constructed that can include both efficiency and 
specificity In particular, it does not seem unrealistic to sup- 
pose that the gene therapy vectors of the future will not be 
based exclusively on any single virus or physicaJ vector sys- 
tem alone but will be synthetic, custom-designed vehicles 
(Fig. 6) into which specific targeting features can be in- 
cluded depending on the particular clinical requirements of 
the target disease and tissue. [Fj] 

We would like to thank Professor Bob Williamson for influential 
discussions. 
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Biopsy specimens from the gastric antral mucosa of 50 patients with upper gastrointesti- 
nal complaints were studied by light and electron microscopy and culture Of 46 assess- 
able specimens, seven were histologically normal, and 39 showed evidence of gastritis. 
Twenty-seven of the specimens with evidence of gastritis (69%) contained spiral bacteria, 
whereas only one of the normal specimens (14%) contained these bacteria (P - .02). 
Of 17 patients found to have gastric ulcers, 10 (59% [P > .10]) also had spiral bacteria. 
The bacteria could be seen scattered over the surface of the epithelial cells and just under 
the layer of mucus but were rarely found inside the epithelial cells. Curved or spiral gram- 
negative bacilli were isolated from 10 of the specimens on chocolate agar incubated at 
37 C unoer microaerophilic conditions. The bacteria resembled the organism recently named 
Campylobacter pyloridis by other investigators. 



Gastrititis and peptic ulcers are major conditions that 
affect numerous individuals every year. The etiol- 
ogy and pathogenesis of these conditions are not 
fully understood at present. The term gastritis in- 
cludes a group of inflammatory states of the stom- 
ach differentiated according to the area affected, ex- 
tent of damage, and type of inflammatory cell 
present [1 J. The etiology is known in some of these 
conditions, but in others it is less well defined. The 
physiological basis of peptic ulcers is not entirely 
clear, but it is thought to be related to the relative 
balance of acid production to the resistance of mu- 
cous lining covering the gastric epithelium. Stress and 
other unknown factors arc thought to affect this rel- 
ative balance [2]. 

Recently, Marshall and Warren [3] and Warren and 
Marshall 14] presented evidence that a new species 
of Campylobacter, named Campylobacter pyloridis 
15], was associated with gastritis and peptic ulcers; 
it was suggested that this organism might participate 
in causing these diseases. Other preliminary reports 
have also appeared with similar results [6-9], The 
work reported here was initiated to confirm this ob- 
servation and to explore further the characteristics 
of this organism. 

Received for publication I July 1985, and In revised form 24 
October 1985. 

Informed content was obtained from all patients participat- 
ing in this study. 
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of Pathology, The University of Texas Medical Branch at Oal- 
veston, Galveston, Texas 77350. 



Materials and Methods 

Patients studied. A total of 50 consecutive pa- 
tients presenting to the Gastroenterology Clinic at 
the University of Texas Medical Branch (Galveston, 
Tex) was studied. The age range of the patients was 
22-77 years, and the median age was 50 years. There 
were 25 men and 25 women. The endoscopy proce- 
dure was performed to investigate abdominal symp- 
toms such as epigastric pain, nausea, vomiting, rec- 
tal bleeding, etc Five of the patients were receiving 
antibiotics at the time of endoscopy: two trimetho- 
prim/sulfamethoxazo!:, one erythromycin, one 
cephradine, and zrit ampicillia Any individual with 
coagulopathy or requiring emergency endoscopy was 
automatically excluded from the study. With each 
patient the gastric antrum was visualized by en- 
doscopy, and in addition to a routine biopsy speci- 
men taken for routine diagnosis, several additional 
pieces of tissue, M mm in diameter, were excised. 

Light microscopy. After the specimens were ob- 
tained, one piece was fixed in 10% buffered forma- 
lin for light microscopy, another was saved for elec- 
tron microscopy by fixation with 2% glutaraidehyde 
in 0.2 A/cacodylate buffer for 2 hr and then stored 
in the same buffer at 4 C until processed, and a third 
piece was cultured. The formalin-fixed specimens 
were embedded in paraffin with use of standard 
procedures, sectioned, and stained with hematoxy- 
lin and eosin, gram stain, and Dieterli's silver stain. 
The slides were coded with a random number and 
examined in a blind manner to prevent bias. Each 
slide was examined independently by two patholo- 
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»sts (W.K.L. and W.KXJ.), who then reconciled any 
differences before the results were correlated. The 
diagnosis of gastritis was based on the amount and 
character of inflammatory infiltrate in the lamina 
Propna or gastric gland-. The absence or presence 
of thestnsJ I metaplasia was noted. Categorization 
was not difficult when acute inflammation of the 
tissuewaspresem. When such inflammation was ab- 
sent, assessment of gastritis was more subjective and 

were classified into three categories: normal, clear- 
cut gastritis, and borderline chronic gartritis. lie 
last term was used when the only abnormality was 

cells in the lamina propria, when compared with 
specimens classified as normal. 
r J' K ' m " mlcmx opy. The specimens were post- 
fixed in 1% osmic acid, washed, dehydrated in a 
graded series of ethanoL and embedded in epoxy 
Plastic Plastic-embedded sections l^on thick wen- 
stained with methylene blue-azure II and basic fuch- 
sin |i0]» 

Isolation and characterization of bacteria. Bi- 
opsy specimens were inoculated onto chocolate agar 

SnZJ W " h 00 medium base 

with 0.025% yeast extract, 1% hemoglobin, and 1% 

v-ennchment (Austin Biological Laboratories, Aus- 

« Tl li plate incubated ™ an atmosphere 
of 5% O,, 10% CO,, and 85% N, at 37 C and ex- 
amined daily for seven days. The atmosphere was 
generated by placing the plates in a lorbal jar (Amer- 
ican Scientific, Houston), evacuating the jar with the 
laboratory vaccuum line, and refilling the jar with 
a commercially prepared gas mixture (Liade Divi- 
sion. Union Carbide, Somerset, NJ). A squareof ab- 
sorbent paper containing several drops of tap water 
was included in the jar to supply additional moisture. 

Biochemical characteristics of the isolates were de- 
nned as follows. Oxidase and catalase tests were 
P«formed in the standard manner [11 J. Glucose fer- 
mentation was determined with purple broth base 
containing 1% glucose Production of H,S was de- 
ternuned with use of triple sugar iron agar. Indole 
production was determined by incubation of the iso- 
lates in tryptone broth, extraction of the broth with 

xylene, and addition of Erlich's reagent [UJ. Reduc- 
tion of mtrate was determined with use of nitrate 
orotn. Hippurate hydrolysis was tested by the method 
described by Lior [12J. Susceptibility to nalidixic acid 
and cephalothin were tested with use of 30-iig disks 
(General Diagnostics. Santurce. Puerto Rico) on 



Columbu, blood agar base. Where necessary, the me- 
dia were supplemented with hone serum at a final 
concentration of 5%, except ta the case of agar 
slants, where a few drops were added to the stent 
Growth at 25. 37, and 42 C was assessed bv in 
oculation of the isolates onto chocolate agar Sate, 
and incubation of the plate, fa a commercially sup- 
plied plastic bag with a gas-generating vial (Bio-Baa 
environmental chamber, type cfj; Marion Ubora- 
tones. Kansas City. Mo) at these temperatures, lb 
determine whether the Isolates grew anaerobicallv 
we streaked them onto chocolate agar and incubated 
them at 37 C in a similar plastic bag that generates 
an atwerobic atmosphere (Bio-Bag. type A. Marion 
Laboratories). A similar plate was also inSbaid fa 
ambientairatS^CAddiUoiudg^hcfau^ter^ 
tics of several isolates were examined by inoculating 
them to various media that were plain (without sud- 
pIemer.tat.on) or with blood or serum supplement 
Three to seven .solates were streaked onto the plates, 
and the plates were incubated fa a microaeroph^c 
atmosphere at 37 C for three days. 
Isolates were tested for antibiotic susceptibility bv 

agardtonsjonMueller-Hfatonagarcontain: 
mg 10% horse serum amHncubation fa a micro- 
aeropfalic atmosphere at 37 C Two concentrations 
of each antimicrobial agent, corresponding to the 
breakpoint concentrations, were tested. The follow- 
ing antimicrobial agents and concentrations were 
tested: vancomycin. 5 and 10 ^g/ml; emhromycin, 
4 and g ^g/ml; chloramphenicol, 12J^25ug/mfc 
clindamycin. 1 and 2 Kg/ml; cephalothin. Rand 16 
Ml/ml; gentamicin. 4 and 8 M g/ml; and teiawyclfae. 
o and 12 pg/ml. 

Statistical methods. Statistical analyses were 



7™* *• CorreUtion between inflammation in antral 
biopsy specimens and the presence of sptraj Ceria 



No. of patients 



Histological 
category 



Normal 

Borderline gastritis 
Oaitritli 
Gastritis with 
Intestinal meuplasla 
Total with gastritis 
Total 



Spiral bacteria 
Total Positive Negative /» 



7 
II 
20 

8 

39 
46 



1 
9 
15 

3 
27 
28 



• In comparison with normal tissue. 



6 
2 
5 

5 
12 
18 



.02 
.02 

.67 
.02 
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Figure 1, Histological section of a biopsy specimen from 
the gastric antrum stained with Dieterli's silver stain 
(x950). 



done with the x 1 test with Yates's correction for con* 
tinuity. 

Results 1 y 



Of the 50 patients evaluated* 4 were excluded because 
their biopsy specimens were too small for adequate 




Figure 2. Gram-stained smear from a biopsy specimen 
shows numerous spiral or curved bacteria (x950). 




Figure 3. Electron micrograph of the luminal surface of 
a gastric foveolar crypt. Transversely and longitudinally 
sectioned spiral bacilli (arrows) are adjacent to the sur- 
face of mucous epithelial cells. Bar - 1 jon. 



evaluation, 7 were found by histological examina- 
tion to have normal gastric mucosa, and the remain- 
ing 39 patients had some degree of gastritis. Spiral 
bacilli were found tn 27 (697«) of these 39 patients 
and In only one (14*) of the seven patients with 
histologically normal gastric mucosa (P - .02). The 
presence of bacilli and category of inflammation are 
compared in table 1. A total of 17 (37*) of the 46 



C pyhrtdis and Gastritis 



Table 2. Growth characteristics of strains of Cam- 
pylobacter^^ 

Growth In 

Isolate Ambient Anaerobic ** 



no. air amospherc 3* CO, 23 C 37 C 42 C 



2 - ± + - + + 

3 - - + - + + 

6 - + - + + 

7 - ± + - + + 

10 - ± ± - + + 

11 - - ± X - + + 

16 - + + - + + 

17 - - + - + + 

18 - + + - + + 

19 - + + - + 



patients had a gastric ulcer or erosion visible on en- 
doscopic examination, and spiral bacilli were found 
in 10 (59%). There was no significant difference in 
the frequency of bacilli in patients with ulcer or ero- 
sion compared with patients with histological gas- 
tritis (P> .10). There was also no significant differ- 
ence between patients with ulcer and those with 
histologically normal mucosa. Of the five patients 
who were receiving antibiotics at the time of the 
study, the organism was either isolated or seen in tis- 
sue from three, and tissue from the other two was 
negative, None of the patients with normal histol- 
ogy was receiving antibiotics. 

The bacteria could be seen most easily in tissue 
sections with silver stain (figure 1), but they could 
also be seen with Brown-Brenn tissue gram stain or 
even with the routine hematoxylin and eosin stain. 
They occurred on the surface of the epithelial cells 
and in the lumen, under the mucous layer. In many 
cases the bacteria could be readily demonstrated in 
a gram-stained smear directly from the tissue (fig- 
ure 2). Examination of the tissues by electron mi- 
croscopy (Figure 3) confirmed that the bacteria oc- 
curred primarily in close association with the surface 
of the epithelial cells. 

Curved, gram-negative bacilli were isolated from 
19 of the specimens. The isolates grew slowly, requir- 
ing four to seven days for recovery in culture, but 
on subculture the colonies reached maximal size in 
about three days. The colonies were circular, con- 
vex, translucent, and nonpigmented, and the maxi- 
mal size was M).S mm. All isolates were oxidase and . 
catalase positive. Staining of flagella by the Ryu 
method [14] showed that the cells had a tuft of po- 
lar flagella. Ten of the isolates were characterized 



further. Growth in different atmospheric conditions 
or at 25, 37, or 42 C is shown in table 2. None of 
the strains fermented glucose, hydro tyzed hippurate, 
or produced indole or H«S. Two of the strains re- 
duced nitrate, but the others were negative All were 
resistant to nalidixic add and susceptible to cephalo- 
thin by the disk diffusion test These characteristics 
fit those previously published for C pyloridis [3-5]. 
A unique feature of these organisms was that the 
morphology in pure culture differed slightly from 
that seen in tissue, In pure culture (figure 4) the bac- 
teria were frequently more rodlike, and bizarre 
shapes, such as U-shaped cells or circular cells, could 
be seen. Eight of the isolates were further examined 
for susceptibility to common antimicrobial agents 
with use of agar dilution methodology and standard 
breakpoints for interpretation [12]. All of these iso- 
lates were resistant to vancomycin (MIC, <1 fig/ml) 
but susceptible to erythromycin (MIC, <4 Kg/ml), 
clindamycin (MIC, <1 fig/ml), cephalothin (MIC, 
<8 Mg/ml), gentamidn (MIC, <A fig/ml), ami tetracy- 
cline (MIC, <6 mg/ml). 

An experiment (table 3) was performed to inves- 
tigate the growth on various media and the require- 
ment for blood or serum. Three to seven isolates were 
streaked on the various media, and growth was as- 
sessed after three days at 37 C under microaerophilic 




Figure 4. Gram-stained preparation from a colony of 
bacteria isolated from a gastric biopsy specimen. The cells 
are more loosely curved and exhibit unusual morphologi- 
cal forms (X930). 



668 



Buck ft eL 



TsMe 3. Growth of representative isolates on various 
media. 



Medium 


No 
supplement 


5tt serum 
Horse Sheep 


3* blood 
Rabbit Sheep 


Chocolate 


+ 


ND 


ND 


ND 


ND 


Thayer-Martin 


+ 


ND 


ND 


ND 


ND 


GC agar 


+ 


+ 


+ 


+ 


+ 


Columbia 


0 


+ 


+ 


+ 


+ 


Trypticase soy 


0 


+ 


+ 


+ 


+ 


Brain-heart 












Infuilon 


0 


+ 


♦ 




♦ 


Brucella 


0 


+ 


+ 


+ 


+ 


Nutrient agar 


0 


0 


0 


0 


0 



NOTE. Growth was rated on the following scale: + - 
growth; 0 - no growth. ND - not done. 



conditions. All of the isolates tested grew on GC agar 
base without any supplement but not on the other 
media tested unless blood or serum was present. No 
growth was obtained with use of nutrient agar, even 
with blood or serum supplementation. 

Discussion 

Spiral bacteria were originally observed in human 
gastric tissue many years ago [15], but early investi- 
gations to confirm this observation and to examine 
its significance yielded conflicting results [16, 17]. 
Therefore these observations were ignored for many 
years until the recent investigations of Marshall and 
Warren [3] and Warren and Marshall [4]. Their find- 
ings are of revolutionary interest because they point 
to a significant association between the occurrence 
of gastritis and peptic ulcers and the presence of these 
bacteria, a finding implying that these organisms 
might participate in causing these diseases. 

In general, our results are consistent with their ob- 
servations. We found spiral bacteria in only 1 (14%) 
of 7 patients with histologically normal gastric 
mucosa but in 27 (69%) of 39 patients with gastritis 
and 10 (59%) of 17 of patients with gastric ulcer. 
Statistical analysis showed a significant difference 
between the normal group and patients with gastri- 
tis but not between the normal group and patients 
with ulcer. Therefore our results indicate a distinct 
association of the bacteria with gastritis; this con- 
clusion is in agreement with other recent findings 
[5-9]. Our results failed to show a definite associa- 
tion with ulcers. This conclusion agrees with the 
results of Rollason et al. [6] and Burnett et al. [9] 
but conflicts with the results of other investigations 



(5, 7, 8]. As larger numbers of patients are studied, 
these conflicts may well resolve 

Because the patients examined were consecutive 
and essentially unselected, some of them were receiv- 
ing antibiotics at the time of examination. Antibi- 
otic use apparently had minimal effect on the results 
because three of these patients were positive for bac- 
teria, and two were negative, None of these patients 
was in the group with normal histological findings. 

The fact that these organisms can be found in elec- 
tron micrographs In large numbers and in close as- 
sociation with the surface of epithelial cells deep in 
foveolar crypts suggests they are not merely mouth 
flora that contaminated the biopsy specimens on 
withdrawal of the endoscope. However, although 
these bacteria are clearly associated with gastritis and 
probably also associated with gastric ulcers, their sig- 
nificance as far as causing these diseases is still in 
question. In this regard we have preliminary infor- 
mation (authors' unpublished observation) that in- 
flammatory cells are present in the gastric lumen in- 
gesting these baceria, thus suggesting an active effort 
on the part of the host to remove these bacteria. 

The organism recovered from the tissues has 
unique characteristics. It is oxidase and catalase posi- 
tive and grows either under microaerophilic condi- 
tions or in 5% CO a but not in ambient air, and most 
isolates do not grow under strict anaerobic condi- 
tions. A unique characteristic is its change in mor- 
phology when grown in vitra Because of this alter- 
ation we initially wondered whether this organism 
really was the same as that seen in tissues. However, 
the isolates were found in high numbers in many of 
the specimens and were not found in routine cultures 
of the mouth from 20 randomly selected individu- 
als (authors' unpublished observation). Therefore we 
believe the organisms isolated are the same as those 
seen In tissue, although this conclusion cannot be 
proved at the moment. One means of substantiat- 
ing this proposal would be to make antibody to the 
isolates and determine whether the antibody reacts 
with sprial bacilli found in tissue sections. Also, pre- 
liminary comparison of our isolates with several 
strains supplied by Dr. B. J. Marshall shows that they 
are simitar In characteristics. 

Although this organism has recently been named 
C pyhridls, there are several characteristics that do 
not really fit the genus Campylobacter. First, the bac- 
teria have multiple polar flagella rather than a sin- 
gle flagellum, and, in addition, according to Mar- 
shall and Warren [3], the flagella are sheathed. 
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Second, the unusual morphology in pure culture is 
different from any other species of Campylobacter 
known. Third, the failure to grow on most media 
without added serum is a feature also not found in 
the other Campylobacter spp. These characteristics 
are sufficiently different from known Campylobac- 
ter spp. that this organism may actually represent 
a new genus. Genetic characterization would settle 
this question. 
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